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His  Grace  JAMES  Duke 


O  F 


✓  t 


C  H  A  N  D  0  S. 

./  /  /  *  1 

May  it  pleafe  your  Grace, 

Mony  all  the  Mathematical 

O 

Sciences  which  have  been 
continually  improved ,  and 
are  daily  improving  in  the 
World ,  the  fir  ft  Place  has  as  it  were , 
by  general  Confent ,  been  always  given 
to  Aftronomy.  And  fnch  has  been 
either  the  good  F or  tune  of  the  Science , 
or  the  Virtue  of  Mankind ,  £/W  the 
greatefl  and  mo  ft  eminent  Per  feus  in  all 
Ages  and  Plat  ions,  have  bet  n  Patrons 
and  Encouragers  of  this  Study  above 
all  others.  A  2  May 


Ded  icacion. 

'a*  I  .  ,  v  ,  ) 

May  it  pleafe  your  Grace ,  there¬ 
fore  to  take  this  Book  into  your  Fro - 
tehlion,  pnce  whatever  may  be  want-  ] 
ing,  either  in  the  Wt or k  or  the  Au-  i 
thor ,  to  recommend  it  to  your  Fa-  ■ 
vour,  will  abundantly  be  [applied  by 
the  i)ignity'of  the  Subject. 

For  to  whom  can  I  fo  properly 
fend  a  Treatife  of  the  Stars  and 
Heavenly  Motions,  us  to  a  faithful 
and  jealous  Servant  of  that  Heaven¬ 
ly  King,  who  knoweth  the 
Number  of  the  Stars,  and  call-*  ■ 
eth  them  by  their  Names.  So 
remarkable  is  your  Grate's  Zeal  for 
the  Service  and  Honour  of  God,  that 
you  took  particular  Care  to  adorn 
his  Hotife  before  you  would  lay  the 
Foundation  of  your  own.  Nor  did 
your  Care  extend  only  to  the  Orna¬ 
ments 
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me nts  of  the  Temple,  but  likewiff 
and  more  efpecially  to  the  Decency 
of  the  Worjhip  :  Ton  call'd  Mufick 
in  to  excite  Devotion  ;  Mufick  be¬ 
ing  the  Delight  and  Employment  of 
the  Heavenly  Choir . 

Touy  My  Lord ,  are  the  publick 
and  fianding  Mark  of  all  Mens 
Admiration ,  the  beautiful  Patent 
which  all  defire  to  imitate ,  tho’  few 
can  hope  to  equal .  In  publick  Affairs 
what  Statefman  more  able  ?  In  do¬ 
me  flic  al  Management,  what  private 
Alan  more  expert  ?  In  the  confiant 
fating  and  exact  keeping  of  Ac- 
compts ,  no  Body  more  Provident ,  no 
Body  more  frugal.  In  Expenses ,  no 
Body  more  Liber  ad'.  In  Largeffes, 
no  Body  fo  Aiagni.fi cent. 
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So  great  is  jour  Affection  to 
Learning  and  the  Learned ,  that 
while  you  make  your  [elf  Majier  of 
every  Art ,  you  give  Matter  and 
Encouragement  to  every  Artifl.  To 
the  particular  Science  which  is  the 
Subject  of  this  Book  your  Grace  is 
fo  Eminent ,  fo  Beni ff cent  a  Batron , 
that  in  the  / lately  and  beautiful 
StruUure  of  Cannons,  Afironomers 

will  find  every  thing  for  the  Im¬ 
provement  oj  their  Knowledge  ;  In - 
frame nts  worthy  of  the  Science ,  and 
an  Obfervatory  worthy  of  its  Lord. 

The  Book  l  now  pr  'efent  is  a  Tran  - 
flation  of  t  ho fe  Agronomical  Le  Clares , 
which  were  honoured  with  your  Gra¬ 
ce  s  Name  at  their  fir  ft  Publication , 
in  the  Language  they  were  read  in 
at  the  llniverfity  of  Oxford.  The 
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Verflon  was  made  at  the  Kequefl 
and  for  the  Service  of  the  fair  Sex, 
and  particularly  for  the  Service  of 
the  great  Ornament  of  her  Sex  they 
D  at  chefs  of  Chandos.  It  is  no  FlatM\ 
tery  to  the  Ladies  to  fay  that  fich 
of  them  as  delight  in  Arts  and  Sci¬ 
ences ,  as  to  fflui  chiefs  of  Perception 
and  Delicacy  of  Tafle ,  are  equal, 
if  not  fuperior  to  Aden  ;  and  it  is 
no  Affront  to  the  mo  ft  refned  of  either 
Sex  to  fay ,  there  is  not  a  finer. 
Genius  than  my  Lady  Dut chefs. 

May  every  Star  in  Heaven  jhed 
its  kindeft  Influence  on  loth  your 
Heads .  And  may  you  long  continue 
to  enjoy  that  Affluence,  which,  like 
the  Kays  of  the  Sun,  flatter s  Light 
and  Warmth  to  all  round  you. 

This , 
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This,  my  Lord,  is  a  general  Wijh , 
lecaufe  it  is  for  the  General  Good  of 
Mankind,  particularly  of  him  who 
is  with  the  deepefl  Senfe  of  Gra¬ 
titude, 

,  ✓ 

*  )  A 

Tour  Graces 

‘  ’  '  '  ^  ■  '  *'C  '  '  '  f  ’  .  '  '  ""  •  ’  '  " 

■mofl  faithful 

and  mofl  humlle  Servant, 

s.  -  -s..  " 

John  Keill. 


THE 


M  ONG  all  the  Gifts  and  Benefits 
the  moft  bountiful  God  has  moil 
plentifully  bellowed  on  Mankind, 
thofe  are  in  the  firft  place  Valuable, 

_  which  confift  in  the  Improvements 

of  the  Mind  by  Arts  and  Sciences.  And  as  a- 
mong  the  Sciences  there  are  none  which  Aftrono- 
my  comes  behind  upon  the  Account  of  its  Anti¬ 
quity,  and  the  Pleafure  that  attends  the  Study 
of  it ;  fo  it  will  yield  to  none  of  them  on  the 
account  of  its  ufefulnefs,  and.the  Advantages  it 
affords  to  Human  Life.  By  it  we  dilcover  the 
wonderful  Harmony  of  Nature,  wherewith  the 
Frame  and  Structure  of  all  Created  Beings  arelinkc 
and  knit  together,  to  conftitute  the  great  Machine 
of  the  Univerfe.  Aftronomy  teaches  us  to  obferve 
and  difcover  the  Motions  of  the  Heavenly  Bodies, 
and  it  weighs  and  confiders  the  Force  and  Vigor 
by  which  they  circulate  in  their  Cftbs.  It  is  a 
Science  which  the  greateft  Heroes  from  the  be¬ 
ginning  of  the  World  have  taken  Pleafure  to  Study 
and  improve  ;fo  that  it  was  always  efteemed  as  a 
Science  fit  for  Kings  and  Emperors  to  employ 
themfelves  in.  On  which  account  the  ChMenh 
Wife  men  and  Philofophers  were  always  reve¬ 
renced  and  favoured  by  the  Ant  Lent  Kings,  who 


.t 


C 


n 


The  P  R  E  F  A  C  E. 

thou  gilt  it  absurd  .that  any  fiiould  Gp  vern  the 
Wprid,  who  knew  not  what  the  World  was. 

THE  Excellency  of  this  Science  appears  froi  i 
this,  that  their  is  no  Knowledge  which  is  a  - 
taiped  by  the  Light  of  Nature,  that  gives  ps 
triier  and  jufter  Notions  of  the  Supreme 
and  Almighty  God  the  Maker  of  both  Heaven 
and  Earth,  than  it  does.  None  furnifhes  us  with 
ftronger  Arguments  by  which  his  Exiftence  is  de- 
monftrated  ;  nothing  fhews  more  his  Power  and 
Wifdoin,  than  the  Contemplation  of  the  Stars 
and  their  Motions.  That  Prophet  as  well  as  King, 
the  Holy  David,  tells  us,  that  The  Heavens  declare 
the  Glory  of  God ,  and  the  Pirmament  fheweth  his  handy 
Work.  ’  And  again.  The  Heavens  declare  his  right e - 
oufnefs ,  and  all  the  People  have  feen  his  Glory. 

M  Al\C*V S  Tullius  Cicero  who  was  guided  only 
by  the  Light  of  his  own  Reafon,  had  the  fame 
Sentiments.  Nothing  fays  he,  is  more  evident ,  no¬ 
thing  plainer  when  we  loo\  up  to  the  Heavens,  and 
contemplate  the  Bodies  there ,  than  that  there  is  a  Deity 
of  raoji  Excellent  Wifdom  who  Governs  them.  What 
is  there  that  more  ravifties  the  Mind  of  Man 
into  an  Admiration,  Reverence  and  Love  of  God, 
than  fo  many  and  fo  great  Bodies  endowed  with 
Heavenly  Light,  moil  beautiful  to  the  Eye,  and 
when  contemplated,  moft  delightful  to  the 
Underftanding.  Their  mutual  intercourfes,  mofb 
tegular  Motions,  their  certain  and  determined 
Circulations,  and  their  Returns  and  Periods  let- 
tied  by  a  Divine  Law,  in  an  admirable  Harmony, 
make  manifelf  to  us  the  immenfe  Power,  Wild om 
and  Providence  of  their  Maker;  which  when  we 
confider  we  mull  neceifarily  acknowledge,  Reve¬ 
rence  and  Celebrate  the  Author  and  Contriver 
of  all  thefe  things. 

BESIDES  Aftronomy  with  its  Sublime  Spe¬ 
culations*  about  fo  many  and  fo  large  Bodies* 
and  at  Inch  immenfe  diftances,  docs  wonderful¬ 
ly  pleafe  and  recreate  the  Mind. 

ASTBPNOMT  lor  the  certainty  and  evidence 
of  its  BemonftraucHs,  is  net  Inferiour  to  Geome - 
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try  5  its  ufefulnefs  is  manifold,  and  the  Ampli¬ 
tude  of  its  Subject  is  fo  large  that  it  comprehends 
nothing  lefs  than  th6x  World  it  felf.  For  as  a- 
mong  all  the  liberal  Sciences  there  are  none  than 
contemplates  Objects  more  in  Number,  greater  in 
Quantity,  or  at  longer  didances  from  us  than 
Aftronomy  ;  fo  likewife  there  are  none  in  which 
there  ft  ill  remains  fewer  difficulties  to  be  explain¬ 
ed,  Objections  to  be  anfwered,  or  Scruples  to  be 
removed,  than  there  are  in  Aflronomy ;  and  no  Sci¬ 
ence  has  yet  attained  fo  great  a  degree  of  Per¬ 
fection  as  it  has. 

IN  moft  of  the  other  Arts  there  are  feveral 
Inextricable  Labyrinths  ;  many  ftrange  Objedtions 
are  raifed,  and  unanfwerable  Arguments  which  do 
fo  confound  the  Mind,  that  like  thick  Clouds,  they 
ftop  all  further  Prolpedt  and  difcovery.  But  the 
Motions  of  the  Heavenly  Bodies  are  now  cer¬ 
tainly  known,  and  their  caufes  demondrated,  and 
the  reafon  of  all  the  Phenomena  of  the  Heavens 
are  exadtly  underdood. 

THE  (mailed  Stars  we  can  fee,  tho'  they  be 
at  an  unmeafurable  diftance  from  us,  yet  have  their 
Longitudes  and  Latitudes  exadtly  determined,  their 
proper  places  fettled  and  are  all  reduced  into 
Catalogues;  tho’  at  the  fame  time  the  Science  of 
Geography ,  or  a  Defcription  of  our  own  Habita¬ 
tion,  is  fo  imperfedt,  that  we  have  an  exadl  De¬ 
termination  of  the  Longitudes  and  Latitudes  of 
but  a  very  few  Places ;  there  dill  remaining  many 
Unknown  Lands  and  Countries,  that  have  not  as 
yet  been  difcovered  :  And  there  are  now  great 
and  far  extended  Continents ,  of  which  we  fcarcely 
know  any  thing  befides  their  Coads  and  ShoarsJ 
And  what  is  dill  more  drange,  in  our  little  Pro¬ 
vinces  and  Counties  which  we  daily  Travel  over, 
their  are  many  Towns  and  Cities  whofe  Pofitions 
are  dill  uncertain;  as  is  plain  from  the  many  Geo- 
graphical  Maps  of  them,  which  contradict  each  other. 

THE  Aftronomcrs  foretel,  for  many  Ages  to 
come,  the  Eclipfes  of  both  Sun  and  Moon,  their 
Quantities  and  Durations  :  The  Conjunctions, 
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Oppofitions  and  mutual  Afpe&s  of  the  Planet^ 
and  what  will  be  the  diflances  of  ail  the  Stars 
from  the  Pole  at  any  time:  Whereas  there  is  no 
Man  fo  well  skilled  in  Meteorology ,  as  can  cer¬ 
tainly  foretel  what  will  be  the  State  and  con¬ 
dition  of  our  Atmofphere  for  the  very  next  Day, 
and  yet  it  reaches  but  a  few  Miles  from  us : 
we  are  unable  *to  judge  whither  we  {hall  have 
fair  Weather  or  foul,  cafei  Or  ftormv,  or  even 
fo  much  as  to  forefee  from  what  Point  the  Wind 
will  blow.  And  this  is  no  wonder,  fince  the 
caufes  from  whence  thefe  Effe&s  arife  are  un- 
fearchable. 

N  O  Philofofher  has  ever  yet  difcovered  the 
Figures  of  the  fmall  parts  of  Matter,  or  the  Tex¬ 
ture,  Intervals,  Form  and  Compolition  of  the  parts 
of  the  moft  common  Plant.  Nor  has  any  Phy- 
(ician  yet  found  out  the  reafon  of  the  Virtues 
arid  Operations  by  which  their  Medicines  aftedfc 
Human  Bodies.  And  even  in  all  Animated  and 
,Vegerable  Bodies,  the  Fountain  and  firft  Princi¬ 
ple  of  Life  and  Adtion  is  unlearchable,  and  looks 
like  a  Myftery  much  beyond  the  reach  of  our 
XJnderftanding,  which  Knowledge  perhaps  in  this 
Xife  is  never  to  be  attained.  But  Aftronomers  in 
their  proper  Science  meet  with  no  fueh  difficul¬ 
ties,  they  contemplate  not  the  Natures,  but  the 
Motions  of  the  Celdtial  Bodies,  and  they  clear¬ 
ly  account  for  the  Phenomena  or  Appearances 
that  arife  from  thence  ;  they  not  only  determine 
what  fort  of  Motion  the  Planets  have,  and  in 
how  large  a  compafs  they  circulate  5  but  they 
likewife  fliew  us  the  crooked  Tradts  in  the  im- 
iuenfe  Regions  of  Space  which  the  wandering 
Comets  take  5  they  can  give  us  the  Geometrical 
Properties  of  their  Orbits,  and  the  Laws  which 
they  obferve  in  defcribing  them.  The  Aftro- 
nomers  are  not  ignorant  where  and  when  the 
Planets  are  at  their  furtheft  diftance  from  the 
Sun,  and  participate  the  leaft  of  his  heat  and 
lights  from  whence  they  return,  and  are  conftant- 
lf  ciuicksied  in  their  Motions  by  the  Sun,  who 
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draws  them  towards  bimfelf,  ’till  they  come  to* 
thofe  parts  of  Space,  where  they  make  their  near- 
eft  approach  to  him,  enjoy  moft  of  his  heat  and 
light,  and  are  actuated  by  the  greateft  force  of 
their  own  Gravity. 

MOST  of  the  Difcoveries  we  have  related 
were  known  to  the  Aftronomers  of  former  Ages. 
But  our  Times,  and  this  our  Country  of  Britain , 
have  had  the  happinefs  to  produce  a  Genius  of 
a  Divine  Nature  and  extraordinary  Qualities  ; 
I  mean  the  Great  Sir  ISAAC  NEIVTQN,  who, 
befides  his  innumerable  other  wonderful  Inven¬ 
tions,  has  difeovered  the  Fountain  and  Spring  of 
all  the  Celeftial  Motions,  and  the  Great  Law 
which  is  Univerfally  diffufed  thro’  the  whole 
Syftem  of  Nature,  which  the  Almighty  and  Wile 
Creator  has  commanded  all  Bodies  to  obferve,  viz. 
That  every  Particle  of  Matter  attracts  each  other 
in  a  reciprocal  duplicate  Proportion  of  its  di- 
ftance. 

THIS  Law  is,  as  it  were,  the  Cement  of  Na¬ 
ture,  and  the  Principle  of  Union,  by  which  all 
things  remain  in  their  proper  State  and  order; 
it  detains  not  only  the  Planets,  but  the  Comets 
within  their  due  bounds,  and  hinders  them  from 
making  excurfions  into  the  immenfe  Regions  of 
Space;  which  they  would  do  if  they  were  only 
actuated  by  a  Motion  once  implanted  in  them, 
which  naturally  they  would  always  preferye,  ac¬ 
cording  to  the  Principal  Law  of  Motion. 

WE  are  obliged  to  the  fame  Gentleman  for 
the  difeovery  of  the  Law  that  regulates  all  the 
Heavenly  Motions,  fetts  bounds  to  the  Planets 
Orbs,  determines  their  greateft  Excurlions  from  the 
Sun,  and  their  neareft  approaches  to  him.  To 
this  Sublime  Genius  we  owe,  that  now  we  know, 
the  caufe  why  fuch  a  conftant  and  regular  Propor¬ 
tion  is  obferved  by  both  Primary  and  Secundarv 
Planets  in  their  Circulations  round  their  Central 
Bodies,  in  comparing  their  diftances  with  their 
Periods;  and  why  all  the  Celeftial  Motions  are 
ftiil  corjtir^ued  in  fuch  a  wonderful  regularity. 
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Harmony  and  order.  The  fame  incomparable 
Perfon  having  a  compleat  Knowledge  of  the 
Laws  of  Nature  and  Motion,  has  from  them  fur- 
nilhed  us  with  a  new  Theory  of  the  Moon,  which 
accurately  anfwers  all  her  Inequalities,  and  ac¬ 
counts  for  them  by  the  Laws  of  Gravity  and  Me¬ 
ehan  iftn  ;  fo  that  now  the  Moon’s  place,  comput¬ 
ed  by  the  Rules  of  this  New  Theory,  does  not 
feniibly  differ  at  any  time  from  what  it  is 
obferved  to  obtain  in  the  Heavens,  which  does 
exceed  the  hopes  and  Expectations-  of  our  Aflro- 
nomers ;  fo  that  we  have  now  a  Profped:  of  im¬ 
proving  our  Navigation,  by  finding  from  Obfer- 
vations  of  the  Moon,  the  Longitude  of  a  Ship 
at  Sea :  A  Problem  of  great  ufe,  whofe  Solution  is 
much  to  be  deiired,  and  for  which  there  are 
[very  ample  Rewards  allowed. 

T  HERE  is  nothing  that  does  more  fhow 
the  force  and  Penetration  of  Human  Underftand- 
ing,  than  thefe  great  and  wonderful  difeoveries. 
There  is  no  more  certain  way  of  comprehend¬ 
ing  the  Prodigious  bulk  of  the  whole  Mundane 
Fabrick,  or  the  amazing  Beauty  of  fo  Divine  a 
Structure,  and  the  Infinite  Wifdom  of  its  Divine 
contriver;  than  by  confidering  thefe  Laws  which 
are  lately  difeovered.  From  them  we  learn  to 
have  a  moil  noble  and  magnificent  Notion  of 
the  whole  Svftem  of  Nature.  Now  we  are  af- 
fured  that  this  Earth  we  Inhabit,  is  but  a  fmall 
and  inconfiderable  part  of  a  Glorious  Fabrick  : 
Since  there  are  almoft  Infinite  Worlds,  created 
by  a  Supreme  and  an  Almighty  Being,  which 
arc  prodigioufly  larger  than  ours,  in  the  difpof- 
iag  and  governing  of  which  the  fame  Being  ex- 
ercifes  his  Infinite  Power  and  Wifdom.  It  is  He 
who  fpoke  the  tVord,  and  the  Heavens  were  made. 
He  commanded  and  they  were  created.  He  hath  made 
them  fafh  for  ever  and  ever.  He  hath  given  them 
&  Law  which  fhall  not  be  broken. 

A  S  T  if  Q  N  O  MY  is  not  only  ufeful,  as  it  im¬ 
proves  the  Mind,  and  by  its  moft  delightful  Spe¬ 
culations,  increafes  the  Fo^ce  and  Penetration 
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of  the  Underftanding  :  But  it  is  likewife  a  confi- 
derable  Help  to  the  perfecting  of  other  Arts  and 
Sciences.  In  how  great  Darknefs  would  the  Geo¬ 
graphers  the  Chronoiogijls  wander,  were  they  not 
aiTiited  with  Light  from  Ajironomy  ?  To  it  is  owing, 
that  we  know  the  Figure  and  Magnitude  of  the 
Earth,  and  find  out  the  Situations  and  Diftances 
of  Places.  We  learn  from  it  the  true  Meafure  of 
the  Year,  and  can  give  an  Account  of  Actions  ac¬ 
cording  to  the  true  Order  of  the  Times  in  which 
they  happen’d.  Hence  is  evident  how  ufeful  A- 
fironcmy  is  to  Human  Affairs  ;  for  without  it  we 
could  have  no  Geography  nor  Chronology ,  and  con- 
fequently  no  certain  Account  of  Hiitory, 

BUT  among  all  the  Arts  and  Sciences,  there 
is  none  that  has  receiv’d  greater  Improvements 
from  Ajironomy  than  Navigation  has  done  ;  for  by 
our  Knowledge  in  it  we  can  carry  our  Ships 
through  the  vaft  Ocean  in  a  right  Courfe,  tho* 
there  is  no  TraCt  to  be  feen,  and  vifit  the  utmoft 
Regions  of  the  Earth.  Hence  arife  the  Advan¬ 
tages  of  Trade  and  Commerce  ;  fo  that  whatever 
Things  other  Countries  afford,  that  are  either  pre¬ 
cious  or  delightful,  we  receive  and  enjoy  without 
the  Inconveniencies  of  intemperate  Heats  or  Colds, 
to  which  thofe  Countries  are  liable.  It  is  owing 
to  our  Skill  in  Navigation,  that  our  Britijh  Mo- 
narchs  have  obtained  the  Sovereignty  of  the  Seas  : 
So  that  there  is  no  Nation,  at  what  Di fiance  fo- 
ever,  but  what  are  kept  from  doing  Injuries  to 
our  Countrymen,  by  the  Terrors  of  a  Britijh  Fleet. 

AS  the  Art  of  Sailing  does,  in  a  great  Mea¬ 
fure,  depend  on  the  Knowledge  of  the  Stars  ;  fo 
the  impetuous  and  ambitious  Defires  of  Kings 
and  Princes,  to  difeover  unknown  and  foreign 
Countries,  inclined  them  to  cultivate  Ajironomy \ 
The  firft  and  chief  of  all  the  Sailors  was  Neptune a 
who,  upon  the  Account  of  his  Skill  in  this  Arr/ 
was  celebrated  as  God  of  the  Ocean.  His  Son  Be- 
l tit ,  being  an  Ajlronomery  by  his  Knowledge  there¬ 
in,  carried  the  Inhabitants  of  Lybia  into  Afia9 
where  he  inflituted  Colleges  of  Ajlronomers  •  for 

a  4  Diodorut 


viii  The  PREFACE. 

Diodorus  in  the  firft  Book  of  his  Hiftories  writes 
thus  :  It  is  reported ,  |fays  he,  that  the  Egyptian 
Belus,  the  Son  of  Neptune  and  Lybia,  brought  a 
Colony  to  Babylon,  and  there  he  inftituted  Priefts , 
whom  the  Babylonians  call  Chaldeans  ;  who ,  after 
the  manner  of  the  Egyptians,  were  to  obferve  the  Stars. 
Before  his  Time,  there  was  Atlas  King  of  Mau¬ 
ritania,  a  great  Aflronomer,  who  firft  fhew’d  us  the 
DoHrine  of  the  Sphere.  And  therefore  Virgil  in¬ 
troduces  Jopas  fin  gin  g  what  Atlas  had  taught 
Mankind, 

■ — . .  ■■  Docuit  qu<e  maximus  Atlas, 

Hie  canit  errant&m  Lunam  SoliftJ;  labores . 

S  O  ZJranus,  King  of  the  Country  fituated  on 
the  Shore  of  the  Atlantic k  Ocean,  for  his  Skill 
in  Aftronomy,  is  faid  to  have  been  defeended  from 
the  Gods.  X oroafier  a  Perfian  Philofopher  is  cele¬ 
brated  by  all  Antiquity,  as  a  skilful  Aflronomer . 
And  the  Honour  and  Dignity  of  this  Science  was 
had  in  fo  great  a  Reputation,  as  to  be  called  the 
'Pyoyal  Science,  being  that  Kings  were  moft  de¬ 
lighted  by  it  above  ail  others.-  For  the  Kings  of 
Africk,  and  Syria  firft  invented  and  improved  ir, 
and  that  long  before  it  was  known  in  Greece.  This 
Plato  acknowledges  in  his  Dialogue,  which  he 
call’s  Efinomis.  The  firft,  fays  he,  who  obferved  thefe 
'things,  was  a  Barbarian,  who  livd  in  an  ancient 
Country ,  where,  upon  the  account  of  the  Clearnefs  of 
the  Summer  Sea  fin ,  they  could  firft  difeover  them,  fuch 
as  Egypt  and  Syria,  where  the  Stars  are  clearly  leen , 
there  being  7ieither  Pains  nor  Clouds  to  hinder  their 
ProfpePt .  And  becauje  we  arc  more  remote  from 
this  Summer  clearnefs  of  Weather  than  the  Bar¬ 
barians,  we  came  later  to  the  Knowledge  of  thefe 
Stars.  SoLucian  tells  us,  That  the  Ethiopians  firft 
too  ^  Notice  of  the  Heavenly  Motions,  and  by  finding 
the  Caufes  of  the  Lunations ,  they  friew  that  the  Moon 
had  no  proper  Light  of  its  own ,  but  borrow  d  it  from 
the  Sun.  However,  it  is  certain  that  AJlronomy, 
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proved  by  the  Eaftern  Nations-  For  if  we  may 
believe  Porphyry,  when  Alexander  took  Babylon ,  Ca - 
lijihenes ,  at  the  delire  of  Arijlotle,  carried  from 
that  City  the  Obfervations  of  1903  Years,  which 
brings  the  beginning  of  thefe  Obfervations  to  115 
Years  after  the  Flood,  and  15  Years  after  the 
building  of  Babel.  Pliny ,  in  his  Natural  Hiftory 
relates,  that  Epigcnes  affirmed  that  the  Babylonians 
had  Obfervations  of  720  Years,  all  graven  upon 
Bricks.  And  Achilles  Latins,  in  the  beginning  of 
his  Introduction  to  Aratuss  Phenomena,  informs  us, 
“  That  the  Egyptians  were  the  firft  who  meafutcd 
“  the  Heavens  and  the  Earth  $  and  their  Science 
“  in  this  Matter  was  engraven  on  Columns,  and 
“  by  that  means  delivered  to  Pofterity.  Yet  the 
u  Chaldeans  take  the  Honour  of  the  Invention  to 
“  themfelves,  and  afcribe  it  to  Belus The  Greeks 
had  all  their  Aftronomical  Learning  from  Egypt  : 
For  Laertius  owns  that  Thales,  Pythagoras,  Eudoxus 
and  many  others  went  to  that  Country  to  be  in- 
ftru&ed  in  the  Sidereal  Science :  Thefe  Men 
were  not  only  the  firft,  but  the  greatefl  Philofo- 
phers  that  Greece  produc'd  :  And  from  the  fame 
Author,  we  know,  that  they  who  ftaid  longeffc  hi 
rhat  Country,  were  molt  famous  for  their  Skill  in 
Geometry  and  Aftronomy,  after  they  return’d  home  :- 
So  Pythagoras,  who  liv’d  in  Society  with  the  Egyp¬ 
tian  Priefts  feven  Years,  and  was  initiated  inro 
their  Religion,  carried  home  from  thence,  belides 
feveral  Geometrical  Inventions,  the  true  S)ftem  of 
the  Univerfe  ;  and  was  the  firft  that  taught  in 
Greece,  that  the  Earth  and  Planets  turn’d  round 
the  Sun,  which  was  immoveable  in  the  Center  ; 
and  that  the  Diurnal  Motion  of  the  Sun  and  fixed 
Stars  was  not  real,  but  apparent,  ariling  from  the 
Motion  of  the  Earth  round  its  Axis.  At  that  Time 
no  Body  was  efteem’d  as  a  Philofopher,  but  who 
was  well  acquainted  with  the  Mathematical 
Sciences. 

BUT  thefe  Sciences  were  foon  neglecfted  by 
the  Philofophers  that  came  after  them,  who  much 
degenerating fifona  their  Predeceflb^,  had  fo  little 
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Care  and  Concern  for  the  Mathematical  Sciences* 
efpecialiy  Aftronomy ,  that  of  all  the  Obfervations 
of  Eclipfes,  for  the  Space  of  near  2000  Years,  that 
were  fent  from  Babylon  by  Califthenes ,  Ptolomy  could 
not  recover  but  a  very  few,  the  reft  being  loft  by 
the  Carelefnefs,  Negligence,  and  want  of  Skill  of 
thofe  Men,  who  fhouid  have  preferv’d  them.  For 
thele  Pretenders  to  Philofophy,  having  no  Concern 
for  the  ufeful  Parts  of  it,  fpent  their  Time  about 
Trifles,  and  Difputes  of  no  Value,  and  in  endea¬ 
vouring  to  find  out  Sophifms,  whereby  they  would 
impofe  upon  their  own  and  the  common  Senfe  of 
all  Mankind  ;  fuch  were  Renos’ s  Arguments  againft 
Motion,  and  moft  of  the  Philofophers  Deputations 
againft  the  Divifibility  of  Matter  in  infinitum  ; 
whereas  a  little  Knowledge  of  Geometry  would  ea- 
fily  have  diffolved  all  the  Difficulties  they  could 
raile.  But  tho’  Aflronomy  was  thus  baniflied  out 
of  the  Schools  of  the  common  Philofophers,  yet  it 
was  received  and  cultivated  by  fome,  tho’  but  a 
a  few,  efpecialiy  by  the  Pythagorean  Sedf,  which 
flouridi’d  in  Italy  many  Years,  among  whom  was 
Philolaus  and  Arifiarchus  Samius.  The  Ptolemy's 
Kings  of  Egypt  were  alfo  great  Patrons  of  Learn¬ 
ing,  they  founded  an  Academy  for  Aftronomy  at 
Alexandria ,  which  furniflied  us  with  great  Men, 
the  chief  of  whom  was  Hipparchus ,  who,  according 
to  Pliny, undertook  a  Buftnefs  which  would  have  been 
a  great  tVorl to  a  God  to  perform,  that  is,  to  number 
the  Stars ,  and  leave  the  Heavens  for  an  Heritage  to 
all  that  come  after .  This  Man  foretold  the  Eclipfes 
of  both  Sun  and  Moon  for  600  Years  ;  and  upon 
his  Obfervations  is  founded  that  precious  Work  of 
Ptolemy ,  which  he  call’d  his  y.i awToH'is*  or 
his  great  Conftrudfion  ;  for  from  them  he  gathered 
the  PreceiTion  of  the  Equinoxies,  and  the  Theory 
of  the  Planets. 

WHEN  Egypt  was  conquer’d  by  the  Saracens, 
and  Alexandria  reduc’d  under  their  jurifdiCUon, 
the  Conquerors  took  Aftronomy ,  with  the  reft  of 
the  Liberal  Arts,  under  their  Protection  ;  and  took 
care  that  moft  Part  of  the  Books  concerning  the 
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Liberal  Arts  and  Sciences  fhould  be  tranflatcd  from 
rhe  Greek  into  their  own  Arabian  Language. 

THE  Saracens  palling  from  Africk  into  Spain 9 
and  having  a  Commerce  with  the  Weftern  Euro¬ 
pean  Nations,  imparted  to  them  the  Science  of 
Aftronomy,  which  before  was  almoft  loft  in  Europe  ; 
fo  that  about  the  Year  1230,  at  the  Command  of 
the  Emperor  Frederic k,  Ptolemy's  Almageft,  or  his 
great  Syntaxis,  was  tranflated  from  the  Arabic k  in¬ 
to  Latin. 

AFTER  that  Time,  Aftronomy  receiv'd  ma¬ 
ny  Improvements  from  the  Patronage  of  the  great- 
eft  Princes,  and  the  Labours  of  the  moft  celebrat¬ 
ed  Philofophers ;  among  whom,  in  the  firft  place 
is  to  be  nam’d,  Alphonfus  King  of  C  aft  He,  who  is 
never  to  be  forgotten,  on  the  Account  of  the  A- 
ftronomical  Tables  call’d  after  his  Name.  Nico¬ 
laus  Copernicus,  was  not  only  a  diligent  Obferver, 
but  alfo  a  Reftorer  of  the  ancient  Pythagorean 
Syftem.  Prince  PVilliam ,  Landgrave  of  Heft,  who 
procur’d  Quadrants  and  Sextants  much  larger 
than  what  were  formerly  us’d,  toobferve  the  true 
places  of  the  Stars  :  This  Prince’s  Gbfervations 
are  publifh’d  by  Snellius.  Sir  Henry  Savill  was  moft 
skilful  both  in  Aftronomy  and  Geometry,  who  is 
ever  to  be  honour’d,  for  his  Munificence  in  found¬ 
ing  our  two  Profeflions  of  Aftromomy  and  Geometry 
in  the  Univerlity  of  Oxford,  and  endowing  them 
with  ample  Salaries  ;  upon  which  Account,  and 
many  other  Benefits  he  beftowed  on  the  Learned 
World,  he  will  always  be  hnd  in  Remembrance 
with  the  greateft  Refpedh  That  Noble  Dane  Ty¬ 
cho  Brahee,  who  for  his  Skill  in  obferving  was  fupe- 
rior  to  all  that  went  before  him  ;  and  wLo  for  the 
Furniture  of  his  Obfervatory,  exceeded  even 
Princes  and  Kings;  He  publifh’d  a  Catalogue  of 
770  fixed  Stars,  which  he  had  diligently  cbferv’d, 

John  Ifepler,  a  moft  excellent  Aftronomer,  by  the 
Help  of  Tycho’s  Labours  found  out  the  true  Sy¬ 
ftem  of  the  World,  and  the  Laws  the  Celeftial  Bo¬ 
dies  obferve  in  their  Motions,  with  which  he  vaftlv 
improv’d  Aftronomy  5  his  excellent  Works  are  well 
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known  to  the  Learned  Y/orld,  and  will  ever  fne^ 
how  much  he  is  to  be  praifed.  Galileus ,  the  Lyn- 
cian  Philofopher,  who  firft  applied  a  Telefcope  to 
the  Heavens,  and  by  its  means  difcover’d  a  great 
many  new  furprizing  Phenomena  ;  as  the  Moon’s 
or  Sateliits  of  Jupiter ,  and  their  Motions  ;  the  va¬ 
rious  Phafes  of  Saturn  ;  the  increafe  and  decreafe 
of  the  Light  of  Venus  ;  the  Mountainous  and  un¬ 
even  Surface  of  the  Moon  ;  the  Spots  of  the  Sun  ; 
and  the  Revolution  of  the  Sun  about  his  own 
Axis ;  all  which  were  firft  obferv’d  by  this  great 
Philofopher 

I  fliould  much  exceed  the  Bounds  of  a  Preface,' 
if  I  fliould  name  the  reft  of  the  great  Improvers  qf 
qur  Art,  with  the  Praifes  that  are  due  to  them  ; 
particularly,  Mr.  Hevelius ,  who  has  given  us  a 
Catalogue  of  the  fixed  Stars,  much  larger  than 
Tychos,  compofed  from  his  own  curious  Obferva- 
tions.  The  moft  Illuftrious  Gentlemen,  MelTieurs 
Hugens  and  Cnffmi ,  who  firft  law  the  Sateliits  of 
Saturn ,  and  difcover’d  his  Ring.  Gajftendus,  Horrox , 
Muflialdus,  Ward,  picciolus ,  and  many  other  Aftrono - 
niers  of  great  Renown.  But  we  have  one  here, 
who  on  Account  of  his  great  Merits  in  Aftronomy , 
does  excell  them  all,  that  is,  the  moft  Eminent  and 
^Learned  Dr.  Edmund  Halle)',  Savillian  Profeffor  of 
Geometry  in  this  Univerflcy,  my  moft  friendly  Col¬ 
logue  ;  to  whofe  Labours  Aftronomy  owes  many, 
and  thofe  not  fmall  Improvements  :  in  him  there 
fhines  out  together  (which  I  know  not  if  they  are 
to  be  found  in  any  other  Perfon  to  fuch  a  DegreeJ 
the  greateft  Dexterity  in  Practical  Aftronomy,  and 
a  moft  profound  and  exquifite  Skill  in  Geometry  - 
which  will  appear  by  his  Aftronomical  Tables, 
which  he  is  fliortly  to  publifli  -  for  they  will  far  ex¬ 
cel  all  others  that  ever  were,  or  perhaps  ever  will 
be  publifned. 

I  could  name  many  others  of  our  own  Country¬ 
men,  who  have  done  much  Service  towards  tbs 
Improvement  of  Aftronomy  ;  but  we  muft  not  pafs 
over  in  Silence  the  Labours  of  the  celebrated  Royal 
l^rofeiTor,  the  late  Mr,  John  FUmftjed,  who  with 
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indefatigable  Pains,  for  more  than  40  Yedrs,  watch¬ 
ed  the  Motions  of  the  Stars,  and  has  given  us  innu¬ 
merable  Obfervations  of  the  Sun, Moon  and  Planets, 
which  he  made  with  very  large  Inftruments,  exact¬ 
ly  divided  by  moft  exquilite  Art,  and  fitted  with 
Telefcopial  Sights.  Whence  we  are  to  rely  more 
on  the  Obfervations  he  hath  made,  than  on  thole 
that  went  before  him,  who  made  their  Obferva¬ 
tions  with  the  naked  Eye,  without  the  Aflfiftance 
of  Tclefcopes.  The  faid  Mr.  FUmfteed  has  like- 
wife  compofed  the  Britijh  Catalogue  of  the  fixed 
Stars,  containing  about  3000  Stars,  which  is  twice 
the  Number  that  are  in  the  Catalogue  of  Hevelius  • 
to  each  of  which  he  has  annexed  its  Longitude,  La¬ 
titude,  right  Afcenfion,and  Diftance  from  the  Pole; 
together  with  the  Variation  of  right  Afcenfion  and 
Declination,  while  theLongitude  increafes  a  Degree: 
This  Catalogue,  together  with  moft  of  his  Obfer¬ 
vations,  is  printed  on  a  fine  Paper  and  Character, 
at  the  Expences  of  the  late  Prince  George  of  Den - 
9?iarl{  *  but  Mr.  FUmfteed,  before  he  died,  had  near 
fmiflied  another  Edition  of  them  at  his  own  Ex- 
pence,  which  I  am  told  will  be  fhortly  publilhed. 

Among  fo  many  Helps  and  Advantages  towards 
the  underftanding  of  Aftronomy ,  there  was  ftill 
wanting  an  Univerfal  and  compleat  Theory  of  the 
Celeftial  Phenomena,  explained  according  to  their 
true  Motions  and  phylical  Caufes.  But  this  Work 
has  been  lately  performed,  finiflied  and  publilhed  by 
the  late  Dr.  Gregory,  the  great  Honour  of  our  Pro- 
feilion,  and  my  Preceptor,  whom  I  ought  always  to 
remember  with  Gratitude  ;  for  it  isowing  to  him 
if  I  have  made  any  Advances  in  this  Study. 

I  N  the  mean  time  it  is  to  be  acknowledged,' 
that  this  Work  does  not  feem  to  be  fuited  to" the 
Capacity  of  young  Beginners  ;  fof  it  contains  ma¬ 
ny  Things  which  require  an  Infight  into  deep  Geo- 
metry,  fo  as  to  be  clearly  underftood  ;  which  Skill 
is  feldom  to  be  met  with  in  young  Men,  who  are 
for  all  that  capable  of  learning  the  Elementsof  A- 
ftronomy.  Befides  the  Celeftial  Motions  and  their 
Phylical  Caufes  are  always  jointly  explained  -  which 
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two  Things,  when  they  are  to  be  learned  by  Begin¬ 
ners,  diftradts  them  too  much,  and  makes  the  Do- 
tilrine  difficult.  Therefore  I  thought  it  more  ad¬ 
vantageous  to  the  Learner,  firft  to  explain  the 
Motions,  and  give  an  Account  of  the  Phenome¬ 
na  that  arife  from  thefe  Motions ;  which,  when 
once  underftood,  there  will  be  an  eafy  Admiffion 
into  the  Knowledge  of  Phylical  Caufes. 

FOR  which  purpofe,  1  compofed  the  following 
Lectures ,  which  I  read  in  the  Aftronomical  School  at 
Oxford ,  as  my  Duty  obliged  me  :  In  them  I  have 
taken  fome  Pains,  that  all  the  Celeftial  Motions 
may  be  clearly  explained,  and  the  Reafons  of  the 
Phenomena,  which  arife  from  thofe  Motions,  be 
given.  But  particularly  of  thofe  which  are  to  be 
underftood  by  the  help  of  a  few  Propolitions  of  the 
Elements  of  Geometry.  And  therefore  I  would  a d- 
vife  our  young  Beginners,  who  delire  to  learn  A- 
ftronomy,  that  they  would  place  Euclid's  Elements 
before  them,  when  they  read  thefe  Lectures,  and 
confuk  them  when  they  find  any  Propolitions  quo¬ 
ted  by  us.  Thofe  we  chiefly  ufe  are  but  few  in 
dumber,  fuch  are  the  4th.  5th.  8th.  13th.  isth.iyth. 
2,9th.  3 id.  and  47th  of  the  firft:  Element.  The 
16th.  18th.  loth.  31ft.  35th.  36th.  37th  of  the  3d 
Element  :  Alfo  the  4th.  5th.  and  6th  of  the  6th 
Element  ;  belides  the  Dodlrine  of  Proportion,  con¬ 
tained  in  the  5  th  Book.  It  were  likewife  to  be 
wilhed  that  the  young  Student  of  Aftronomy  were 
skill’d  in  Plain  and  Spherical  Trigonometry.  But 
If  there  be  any,  as  I  believe  there  are  fome,  who 
delire  to  learn  Aftronomy ,  and  yet  are  ignorant  of 
Trigonometry  •  I  require  of  them,  that  they  grant 
and  allow  us  this  Poftulate  ;  Becaufe  in  every  Tri¬ 
angle,  either  Spherical  or  Plane,  there  are  three  An¬ 
gles  and  three  Sides,  of  thefe  fix  having  any  three, 
one  of  which  in  a  Plane  Triangle  mult  be  a  Side, 
all  the  reft  may  be  found.  It  is  Trigonometry  that 
teaches  us  how  to  perform  this,  whofe  ufe  is  apparent 
in  all  the  Parts  of  Aftronomy. 

THERE  are  alfo  fome  things  in  our  Aftronomy , 
Which  require  a  Knowledge  of  deep  Geometry,  as 
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when  we  {peak  of  the  Elliptick  Theories  of  the 
Planets  difeover’d  by  Kepler.  But  I  would  not  have 
the  Beginners  or  young  Students  trouble  them- 
felves  with  thefe  Particulars,  fo  they  may  pafs  them 
over. 

I  delire  alfo,  of  them  that  are  unacquainted 
with  Aftronomy ,  that  after  they  have  read  the  XI 
and  XII  Lectures,  concerning  the  general  Caufes  of 
Eclipfes,  they  would  leave  the  reft  of  that  Do¬ 
ctrine,  ’till  they  are  inftruCted  in  the  Spherical  In- 
flitutions,  as  they  are  explained  by  us  in  the  XX 
and  XXI  LeElures  and  then  they  may  return  to 
the  remaining  Parts  of  the  DoCtrine  of  Eclipfes, 
contained  in  the  XIII  and  XIV  Lectures. 

THEY  who  underftand  what  is  here  deliver’d, 
may  with  much  Advantage  undertake  to  read  than 
excellent  VCork  of  Dr.  Gregory  s,  and  learn  the 
Phylical  Caufes  of  the  Celeftial  Motions  from 
thence. 
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LECTURE  I. 

Of  Vifible  and  apparent  Motion. 

STRONOMY  being  a  Science 
in  which  are  explained  the  Motions 
of  Bodies  that  are  at  an  immenfe 
Diftance  from  us,  and  the  Appear¬ 
ances  which  arife  from  thefe  Mo¬ 
rions  :  They  who  would  learn  this 
Science,  mtift  firft  be  informed  of  the  manner  how 
the  Motions  of  diftant  Bodies  become  vifible,  and 
the  Objeds  of  our  Senfes. 

AND  firft  it  is  plain,  that  fince  tfie  Eye  looks  Bo“ 

upon  fuch  Bodies  to  be  at  reft,  which  keep  the  be  at  reft. 
lame  vifible  Diftance,  the  fame  Pofition  and  Situ¬ 
ation,  not  only  in  refped  of  other  Bodies  which 
we  conceive  to  be  at  reft,  but  alfo  in  refped:  of 
tfce  Eye  that  beholds  them  ;  thofe  Bodies  can  only 
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Led:.  I.  be  perceiv’d  to  move,  which  change  their  Di- 
fiances  and  Portions,  in  refped  to  other  Bodies,  or 
What  in  to  the  Eye  of  the  Speculator. 
muon.  BUT  that  we  may  explain  this  matter  by  its 
proper  Principles,  and  draw  it  from  its  Origine, 
that  is  from  an  Explanation  of  the  manner  of 
Vifion:  It  mull  be  known,  that  the  writers  of 
Opicks  demonftrate  that  every  Body  which  is  feen, 
has  its  Image  painted  in  the  boctom  of  the  Eye,  up¬ 
on  that  Coat  which  is  call’d  Reticular,  or  the  Rgtina7 
whofe  Surface  is  Spherical  concave.  This  Image 
is  made  by  the  Rays  of  light  which  flow  from  the 
Vifible  Objed  to  the  Eye,  and  are  therein  re¬ 
ef  the  ceived  and  refraded :  The  Image  of  each  Point  is  in 
ing.e°  ^ C*  r^at  place?  where  the  innumerable  Rays  which  come 
from  that  Point,  and  paffing  through  the  Humours 
of  the  Eye,  do  by  Refradion  meet  on  the  Rgtina* 
plate  i.  LET  AB,  a  Portion  of  the  Periphery  of  a 
f’S-  Circle,  reprefent  the  outward  Surface  of  the  Eye; 

*  D  G  the  bottom  or  reticular  Coat,  which  is  form¬ 
ed  by  the  Extremities  of  the  Optick  Nerves,  and 
let  C  be  the  Center  of  the  Eye  :  The  Image  of 
the  Point  F  will  be  in  the  Line  FCH,  and  there¬ 
fore  at  H  :  So  alio  the  Image  of  the  Point  E  will 
be  in  the  Line  E  C  L,  at  the  Point  L;  for  the 
Rays  of  Light  will,  by  the  pellucid  and  clear  Coats 
and  Humours  of  the  Eye,  be  fo  refraded,  that 
all  thofe  Rays  which  come  from  F,  and  enter  the 
Eye,  will  change  their  Diredion  and  turn  towards 
H,  where  they  will  meet;  and  likewife  all  thofe 
which  come  from  E,  being  refraded  in  the  Eye, 
will  converge  and  meet  again  at  L,  where  they 
will  form  the  Image  of  the  Point  E  ;  for  by 
ftriking  on  the  nervous  Fibres  in  thefe  Points, 
they  will  excite  the  Senfe  of  Villon. 

T  H  ERE  is  a  fine  Experiment  which  con¬ 
firms  and  demonftrates  this  Dodrine.  For  if  the 
Eye  of  an  Ox ,  or  any  other  Creature,  juft  after  its 
Death,  be  taken  out  of  its  Head,  and  the  opake 
and  black  Coat  call’d  the  Choroides ,  which  covers 
the  back  Part  of  the  Eye  be  feparared,  fo  that  the 
thin  and  pellucid  reticular  Coat  may  appear;  if 
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this  Eye  be  turned  towards  a  Window,  or  any  Led:.  I. 
Objed  that  is  ftrongly  illuminated,  we  fhall  fee 
with  Plealure  and  Admiration,  a  fine  Pidure  on 
the  Retina,  exadly  Reprelenting  the  Objed  in  its 
proper  Colours:  We  fhall  have  the  fame  Appear¬ 
ance,  if  inftead  of  the  Eye  we  take  any  Convex- 
glafs  of  a  Telefcope,  and  turn  it  towards  the  Ob¬ 
jed,  and  place  a  white  Paper  at  a  due  Diftance 
behind  the  Glals,  we  fhall  obferve  upon  the  Paper, 
an  exad  Image  of  the  Objed,  diftindly  repre- 
fented  with  its  lively  Colours. 

I  F  therefore  the  Image  H  of  the  Point  F  re-  .How  Mo- 
main  unmoved  on  the  fame  Point  of  the  Retina ,  ceiledbyour 
the  Eye  being  likewife  unmoved,  the  Objed  F  Eyes. 
will  be  at  reft  :  But  if  the  Point  F  be  carried  to 
E,  its  Image  will  thereby  fucceflively  pals  thro’ 
different  Parts  of  the  Retina ,  and  defcnbing  the 
Space  H  L,  will  excite  the  Senfation  of  Motion. 

If  the  Point  F  be  at  a  great  Diftance  from  us, 
and  the  Motion  be  made  in  a  Plain  palling  thro* 
the  Eye,  the  Spedator  will  judge  of  the  Magni¬ 
tude  of  the  Apparent  Motion,  by  the  Alagnitude 
of  the  Angle  F  C  E. 

I  F  in  the  Line  C  F  there  be  another  Objed  M, 
which  is  likewife  at  a  great  Diftance  from  us,  and 
this  Objed  be  carried  from  M  to  N,  its  Motion 
will  Appear  to  be  the  fame  with  that  of  the  Ob¬ 
jed  F,  for  the  way  of  both  will  Appear  the  fame, 
the  two  Images  having  the  fame  Path,  and  palling 
thro’  the  fame  Space  in  the  bottom  of  the  Eye : 

If  the  vifible  Point  M  be  carried  in  the  Line  C  F 
from  M  to  F,  fuch  a  Motion  cannot  be  perceiv’d 
by  the  Spedator,  the  Image  of  M  remaining  un¬ 
moved  all  the  while  on  the  Retina:  And  whatever 
Bodies  are  moved  in  Lines  that  pafs  thro’  the  Cen¬ 
ter  of  the  Eye,  the  Motions  of  fuch  Bodies  are  not 
to  be  Obferved  by  our  Sight,  nor  can  we  any  o- 
ther  way  difcern  fuch  Motions,  but  by  the  increafc 
or  diminution  of  the  Splendour  and  vifible  Magni¬ 
tude  of  the  Objcds.  I  fpeak  here  of  diftant  Ob- 
jeds:  For  thofe  that  are  near  us,  tho’  they  move  in 
Lines  palling  thro’  the  Eye,  yet  we  may  dilcern 
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•Le£t.  I.  their  Motions,  by  the  change  of  Pofition  and  Si- 
tuation  which  they  hold  in  refped:  to  other  Bodies, 
whole  Pofitions  and  Diftances  are  known.  Now 
whatever  be  the  Path  of  the  moveable  Point  F  in 
the  Plain  F  C  E,  whither  it  be  in  the  right  Line 
F  E,  or  in  the  circular  Arch  F  P  E,  or  in  any  other 
curve  Line  F  QE;  when  it  comes  to  the  Line  C  E, 
its  Apparent  Motion  will  always  be  been  to  be  the 
lame,  while  the  Angle  F  C  E  remains  the  fame, 
but  when  the  Angle  FCE  is  increafed  or  diminifh- 
ed,  the  vifihle  Motion  will  be  in  like  manner  in¬ 
creafed  or  diminilhed,  which  therefore  can  be 
only  meafured  by  that  Angle. 

THAT  therefore  the  Apparent  Motions  of 
Bodies  may  be  determined,  we  mull  here  fliew 
the  Method,  by  which  Geometers  and  Aftronomers 
Tbe  Mea-  find  out  the  Meafures  of  Angles;  which  tho’  it  is 
/-‘/^commonly  known,  even  to  themeaneft  Artifts,  yet 
&  s‘  that  we  may  omit  nothing  which  will  make 
what  is  to  follow  ealily  conceived  by  Beginners,  we 
will  here  Explain  it  in  a  few  Words. 

E  ZJ  C  L  I  D  has  demonftrated  that  the  Angles 
at  the  Center  of  any  Circle  are  proportional  to 
the  Arches  on  which  they  hand,  and  therefore  the 
Meafures  of  Angles  will  be  bell  known  from  thofe 
Peripheries  or  Arches  which  fubtend  them :  On 
which  Account  the  Aftronomers  divide  the  whole 
Periphery  of  a  Circle  into  360  Parts  which  are 
■$batfe£ree  called  Degrees,  and  they  divide  each  Degree  into 
Semples  60  other  Parts  which  are  named  Scruples,  or  Firft 
<?r  Minutes.  Minutes ;  each  of  thofe  Minutes  are  again  divided 
into  60  Second  Scruples  or  Minutes,  and  each 
Second  is  alfo  fuppofed  to  be  divided  into  Thirds, 
each  Third  into  Fourths;  and  fo  on. 

B  Y  this  means  they  reckon  no  more  Degrees 
or  Parrs  in  the  greateft  Circle  than  in  the  lead:  that 
js,  and  therefore  if  the  fame  Angle  at  the  Center 
be  fubtended  by  twm  concentrical  Arches,  they 
count  as  many  Degrees  or  Parrs  in  the  one  as  they 
do  in  the  other;  for  thefe  two  Arches  have  the 
Pint-  1  fame  Proportion  to  their  whole  Peripheries.  For 
Fig,  2/  Example:  Let  ACB  be  an  Angle,  and  from  the 
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Center  C  let  there  be  deferibed  two  Arches  A  B  Led:.  I. 
DE,  fubtending  the  Angle:  There  are  as  many 
Degrees  and  Minutes  contained  in  the  Arch  A  B, 
as  there  are  in  the  Arch  DE,  altho’  the  Radius  or 
Semidiamerer  of  the  Arch  AB  were  only  a  Foot 
long,  and  the  Radius  of  the  other  reached  the 
Fixed  Stars.  It  is  true  indeed,  that  a  Degree  in 
the  Arch  A  B  is  fo  much  lefs  than  a  Degree  of  the 
Arch  D  E,  as  its  Radius  CB  is  lefs  than  C  E  or 
CD  :  The  Angle  C  is  faid  to  be  of  fo  many  De¬ 
grees  or  Minutes  as  the  Arch  which  fubtends  it 
contains  of  fuch  Parts. 

THE  Inftrument  by  which  Angles  are  obferved, 
is  a  known  Portion  of  the  Periphery  of  a  Circle,. firing  An- 
as  a  Quadrant,  Sextant,  or  Odfant,  that  is  the  g ks. 
fourth  Parr,  lixth  Part,  or  eighth  Part  of  the  whole 
Periphery.  If  it  be  a  Quadrant,  the  Inftrument- 
Makers  divide  it  into  90  Degrees,  90  being  the 
of  360,  if  a  Sextant,  it  is  divided  into  60,  which  is 
the  zth  of  360  :  If  an  Odfant,  it  contains  45  De¬ 
grees,  or  the  i  th  of  360:  They  divide  again 
each  Degree  into  Minutes,  and  each  Minute  into 
Seconds,  if  the  Inftrument  be  large  enough  to  (hew 
fuch  Parts  :  The  Inftrument-Makers  fix  to  the  Side 
of  the  Inftrument  Pins  or  Sights,  by  which  they 
collineat  to  the  Objedt,  and  they  fallen  likewife 
a  Rule  moveable  about  the  Center  upon  the  Plain 
of  the  Inftrument,  which  Rule  is  like  wile  furnilh- 
ed  with  Sights,  with  which  they  obferve  Angles 
in  this  manner. 

LET  A  and  B  be  two  Objects  at  a  great 
Diftance  from  us  :  And  fuppofe  the  Obferver  at 
C,  who  is  to  meafure  the  Angle  A  CB:  Let  the 
Inftrument  be  turn’d,  ’till  the  Objedt  A  can  be 
feen  thro’  the  Sights  of  the  Side  C  D,  and  let  the 
Plain  of  the  Inftrument  be  lo  moved  round  the  Side 
C  D,  and  the  Rule  round  the  Center,  that  the  Objedt 
B  may  be  feen  thro’  the  Sights  of  the  Rule  :  It  is 
mamfeft  from  what  has  been  faid, that  the  Arch  D  E 
will  give  the  Mealure  of  the  Angle  ACB,  and 
that  the  Arch  A  B  will  contain  as  many  Degrees, 
and  Parts,  as  the  Arch  D  E,  which  the  Rule  cuts  off 
from  the  Inftrument. 
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M  O  RE  OVE  R  Aftronomers  have  other  Bounds 
or  Marks  from  which  they  reckon  the  Arcunl  di- 
ftances  of  Stars,  and  Meafure  them  with  a  like  In- 
ftrument.  Thefe  are  chiefly  the  Horizon,  which 
is  formed  by  a  Plane  touching  the  Surface  of  the 
Earth  where  the  Spectator  ftands,  and  is  infinitely 
extended  towards  the  Heavens  ;  which  it  divides 
into  two  Hemifpheres  or  Parts  fenfibly  equal,  and 
feparates  the  Vifible  Heavens  from  the  Invifible. 
And  if  we  fuppofe  a  Circle  Perpendicular  to  this 
Horizon  palling  thro’  any  Star,  the  Arch  of  it 
comprehended  between  the  Star  and  the  Horizon 
is  called  the  Altitude  or  Height  of  that  Star.  There 
is  another  Mark  which  is  called  the  Pole  of  the 
Horizon,  and  is  that  Point  which  is  diretftly  over¬ 
head,  thro’  which  a  Line  Perpendicular  to  the 
Horizon  will  pafs  :  And  it  is  in  this  Line  all  heavy 
Bodies  endeavour  to  defeend,  and  according  to 
which  we  ftand  upright.  By  this  Method  the 
Sailors  at  Sea  find  out  the  Height  of  the  Sun  by 
the  Angle  which  is  formed  in  the  Eye,  by  Lines 
coming  from  the  Sun,  and  from  the  Horizon. 
So  likewife  the  Aftronomers  by  Rules  and  Qua¬ 
drants  made  on  purpofe  for  that  ufe,  obferve  the 
Angle  which  the  Rays  or  Lines  that  come  from  the 
Sun  or  Stars,  make  with  the  Line  that  is  Perpendi¬ 
cular  to  the  Horizon. 

INSTEAD  of  plain  Sights  we  now  common¬ 
ly  make  ufe  of  Telefcopes,  for  by  their  means 
diftant  Objects  are  more  certainly  and  exactly 
obferved,  than  they  can  be,  by  our  fimple  View. 
The  manner  of  fitting  T elefcopes  to  Inftrumenrs, 
the  Method  of  dividing  the  Arch,  and  the  Contri¬ 
vances  for  managing  and  moving  the  Inftrument 
for  Practice,  we  leave  to  the  Mathematical  Inftru- 
ment-Makers  to  deferibe. 

B  Y  the  Meafure  of  Angles  we  likewife  find 
the  Apparent  Diameters  of  diftant  Bodies  :  Let 
AB  be  a  Line  which  is  feen  by  the  Eye  at  C  di- 
re6tly  oppofite  to  it,  and  fuppofe  drawn  from  its 
Extremities  A,  B  right  Lines  A  C,  B  C  to  the  Eye, 
that  Line  A  B  is  faid  to  appear  under  the  Angle 
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ACB,  which  is  call’d  its  Apparent  Magnitude,  Led:.  I. 
and  is  faid  to  be  io  many  Degrees  and  Minutes  as 
that  Angle obferved  by  an  Inftrument  contains  :  Af¬ 
ter  the  fame  way  the  Objed  DE,  feen  by  the  Eye  F, 
is  faid  to  appear  under  the  Angle  D  F  E,  and  the  Ap¬ 
parent  Magnitudes  of  the  Lines  A  B,  D  E,  are  to 
one  another,  as  rhe  refpedive  Angles  A  C  B,  D  F  E. 

BUT  if  the  Eye  come  nearer  to  the  Objed  The  appa - 
AB,  fo  as  to  view  it  but  from  half  the  diftance, 
that  is  from  G  ;  the  Objed  will  be  from  thence  „earer  ve 
feen  under  twice  the  Angle  it  appeared  under  be-  Approach 
fore :  If  the  Eye  come  three  times  nearer,  its  Ap-  grow 
parent  Magnitude  will  be  near  three  times  greater, 
provided  the  Angles  be  but  fmall,  and  exceed  not  a 
Degree  or  two  :  And  the  Apparent  Diameters  of 
fuch  Objcds  do  nearly  increafe,  as  the  diftances 
from  which  they  are  view’d  are  diminifh’d, 

B  Y  this  Method,  if  we  know  the  Apparent  Di¬ 
ameters  of  two  Bodies,  and  the  proportion  of  their 
diftances  from  us,  we  can  know  from  thence  the 
proportion  their  true  Diameters  bear  to  one  ano¬ 
ther  :  For  if  their  diftances  be  equal,  their  true 
Diameters  will  be  as  their  Apparent:  And  if  their 
Apparent  Diameters  are  equal,  their  true  Diame¬ 
ters  will  be  proportional  to  their  diftances.  For 
Example:  If  the  Angle  ACB  be  equal  to  the 
Angle  D  E  F,  but  the  diftance  CB  triple  of  the  T; 

diftance  E  F,  the  Line  AB  will  be  triple  of  the 
Line  DE  :  But  if  the  diftance  CB  be  not  only 
triple  of  the  diftance  ef  but  alio  the  Angle  A  C  B 
be  double  of  rhe  Angle  dfe ,  the  Objed  A  B  will 
be  fextuple  of  the  Objed  d  e  :  For  if  we  luppofe 
CM  equal  to  df  and  an  Objed  M  N,  becaufe 
the  Angle  MCN;  or  A  C  B  is  double  of  the  Angle 
d /<?,  M  N  will  be  double  of  d  e  ;  but  becaufe  C  B 
is  triple  of  C  M  or  df  A  B  will  be  triple  of  M  N, 
and  confequently  it  will  be  fix  times  bigger  than  d  e . 

Hence  if  the  Apparent  Diameters  of  the  Sun 
and  Moon  be  equal,  let  the  Sun  be  ioo  times  fur¬ 
ther  from  us  than  the  Moon,  the  Sun  muft  needs 
be  ioo  times  in  Diameter  bigger  than  the  Moon : 

We  lhall  afterwards  demonftrate  that  the  Sun’s 
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Ledh  I.  Diftance  from  us  is  above  ioo  times  greater  than 
that  °f  the  Moon 

I  F  we  know  the  Apparent  Diameter  of  any 
Body,  we  can  from  thence,  exactly  know  by  the 
help  of  Trigonometrical  Tables,  what  Proportion 
the  Diftance  of  that  Body  bears  to  its  true  Dia¬ 
meter.  For  fuppofe  the  Object  DE  to  be  feen  by 
the  Eye  at  F  under  the  Angle  D  F  E.  For  Ex¬ 
ample  of  one  Degree  ;  then  the  Diftance  F  E  will 
be  to  D  E  the  Diameter  of  the  Object,  as  the  Ra¬ 
dius  of  a  Circle  is  to  the  Tangent  of  the  Angle 
D  F  E  ;  that  is  fuppofing  D  F  E  one  Degree,  as 
ioooo  is  to  174,5.  The  Sun  appearing  under  an 
Angle  of  about  half  a  Degree,  or  30  Minutes,  its 
Diftance  will  be  to  its  own  Diameter  as  1 0000  to  87 : 
Hence  we  are  certain  that  the  Sun’s  Diftance  from 
us,  is  nearly  equal  to  1 1 5  of  its  own  Diameters, 
And  if  an  Eye  were  placed  in  the  Sun,  to  obferve 
the  Angle  under  which  the  Diameter  of  the  Earth 
appeared  from  thence,  we  then  ftiould  be  able  to 
tell  exactly  the  Diftance  of  the  Sun  from  us,  in 
Diameters  of  the  Earth,  or  in  Miles. 

SINCE,  as  we  have  faid,  the  Apparent  Di¬ 
ameters  of  Bodies  grow  bigger  the  nearer  we 
come  to  them,  and  that  they  are  increafed  almoft 
in  the  fame  Proportion  that  the  Eye  approaches 
them  ;  (for  Example :  If  any  Man  were  ten  rimes 
nearer  to  the  Moon  than  we  are,  and  did  there  ob- 
4d  ferve  it,  he  would  fee  the  Moon  ten  times  bigger  in 
vantage's  of^s  Diameter  and  clearer  than  we  do ;  in  Diameter  I 
lelefcopes.  fay,  for  the  Surface  would  Appear  100  times  larg¬ 
er  than  it  does  10  us.)  If  here  on  Earth  we  fhouid 
take  a  Telefcope  which  only  encreafes  the  Diame¬ 
ter  ten  times,  and  look  to  the  Moon  with  it,  the 
Moon  will  have  the  fame  Appearance  feen  with 
fuch  a  Tele/cope,  as  would  appear  to  a  Spe¬ 
ctator  ten  times  nearer  it  than  we  are.  But  if  we 
ftiould  ufe  Telefcopes  (and  fuch  there  are)  which 
Magnifie  the  Diameters  of  Objects  100  or  loo 
times,  they  will  fliow  the  Moon  in  the  fame  man¬ 
ner,  figure  and  bignefs,  as  it  would  appear  in, 
at  a  Diftance  100  or  200  times  lefs  than  ours. 

‘  c  f  • 

Hence 
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Hence  we  can  perceive  with  our  Eyes  wirh  what  Led:.  I. 
Face,  and  how  large  the  Moon  would  fliow  it  felf, 
at  the  Diftance  of  three  Diameters  of  the  Earth  2 
As  likewife  we  can  dilcern  how  it  would  appear 
if  we  approached  it  much  nearer,  and  view  it  only 
ac  the  Diftance  of  1000  Miles;  for  from  thence 
we  lhould  be  able  to  difeover  in  it  vaft  Ridges  of 
Mountains,  deep  Caverns,  many  Vales,  and  large 
open  Fields.  By  the  means  of  Telefcopes  we  ftill 
afeend  higher  in  the  Heavens,  and  we  can  ap¬ 
proach  the  Planets,  Comets  and  fix  Stars  fo  near, 
that  of  fuch  immenle  Diftances,  there  remains  only 
the  hundredth,  or  two  hundredth  Part  to  have 
the  whole  Journey  finifhed  :  And  from  thence  we 
can  behold  the  Converfions  of  the  Planets  about 
their  proper  Axes ;  the  Moons  of  Jupiter  and 
Saturn ,  their  Ecliples ;  the  Belts  of  Jupiter ,  the 
wonderful  Ring  of  Saturn ,  and  all  the  various 
Appearances  and  Shapes  it  takes.  We  could  not 
pafs  over,  without  taking  Notice  in  this  Place, 
thefe  advantages  of  the  Telefcope,  fince  it  is  the 
chief  Inftrument  by  which  we  Obferve  the  Mag¬ 
nitude  of  the  Heavenly  Bodies,  and  their  Appa¬ 
rent  Motions. 

SINCE  the  Motions  of  diftant  Bodies  are  no  uov  tbe 
other  ways  to  be  known,  but  by  the  change  of  Motions  of 
the  Angle  which  is  at  the  Eye  that  obferves  them  'J^0dys  ^b!cb 
it  will  eafilv  appear  from  thence,  that  tho’  Bodies  ore  in  them- 
move  equally  and  regularly,  defcribing  equal  equaU 
Spaces  in  equal  Times,  their  Motions  notwith -unequal^' 
ftanding  may  feem  to  be  very  unequal  and  irregular. 

This  will  be  beft  underftood  by  an  Example. 

SUPPOSE  a  Body  to  be  revolv’d  in  the 
Periphery  of  a  Circle  A  B  D  E  F  G  Q,  and  to  move 
thro’ equal  Arches  AB,  B  D,  DE,  E  F,  in  equal 
Times  ;  and  let  the  Eye  be  in  the  Plane  of  the  lame 
Circle,  but  at  a  Diftance  from  it,  viewing  the 
Motion  of  the  Body  from  O:  When  the  Body 
goes  from  A  to  B,  its  Apparent  Motion  is  meafur’d 
by  the  Angle  A  O  B,  or  the  Arch  H  L,  which  it 
will  feem  to  deferibe ;  but  in  an  equal  Time,  while  it 
moves  thro’  the^rch  B  D,  its  Apparent  Motion  is 

detcr- 
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determined  by  the  Angle  BOD,  or  the  Arch  L  M, 
which  is  much  lefs  than  the  former  Arch  H  L, 
and  the  Body  when  it  arrives  at  D  will  be  feen  at 
the  Point  M  of  the  Periphery  NLM:  But  it 
takes  the  fame  time  to  deferibe  DE  which  is  e- 
qual  to  A  B,  or  B  D,  and  when  it  arrives  at  £  it 
is  ftili  feen  at  the  Point  M  ;  fo  that  all  the  time  it 
is  moving  thro’  the  Arch  DE,  it  appeares  almoft 
immoveable,  and  as  it  were  to  {land  ftili.  While 
the  Body  is  continually  going  forward  in  its  proper 
Orbit,  and  deferibing  the  Arch  E  F,  when  it  comes 
to  F  the  Eye  in  O  will  fee  it  in  L,  and  it  will  ap¬ 
pear  to  have  gone  backwards  in  the  Arch  M  L. 
Soalfo  while  it  moves  from  F  to  G,  at  its  arrival 
at  G,  it  will  be  feen  at  H  in  the  very  fame  Place 
it  appeared  in  when  it  was  in  A.  So  likewife 
while  it  paffes  from  G  thro*  I  to  Q,  the  Specta¬ 
tor’s  Eye  at  O  will  obferve  it  as  if  it  had  de- 
ferib’d  the  Arch  HKN.  And  tho’  it  is  ftili  going 
on  it  is  Orbit,  while  it  runs  thro’  the  Arch  Q.P, 
the  Spectator  will  obferve  it  all  that  time  near  the 
Point  N,  in  a  Stationary  State.  After  its  palling 
by  P,  and  going  to  A,  it  will  appear  to  change 
again  its  Courfe,  and  deferibe  the  Arch  NKHLM 
with  very  unequal  Motions. 

THIS  Inequality  of  Motion  is  call’d  by 
Aftronomers  the  Optical  Inequality :  Becaufe  it  is 
not  really  in  the  Bodies  moved,  but  only  Apparent 
to  the  Eye  which  perceives  it,  ariling  from  the  Po- 
fition  of  the  Spectator :  For  the  Body  all  the  time 
moves  uniformly  forward,  and  if  the  Eye  were  in 
the  Center,  it  would  fee  the  Motion  always  per¬ 
fectly  regularly  performed. 

I  F  the  Eye  were  placed  in  any  Point,  as  O 
within  the  Orbit  of  the  Body,  but  not  in  the  Cen¬ 
ter,  and  there  the  Spectator  remained  immoveable, 
he  wTould  ftili  obferve  the  Motions  to  be  unequal, 
altho*  the  Body  moved  never  fo  regularly ;  and 
when  at  the  greateft  diftance  from  him,  as  at 
A,  it  would  appear  to  be  floweft  ;  when  it  comes 
neareft,  it  would  feem  to  move  quickeft.  This  is 
plain,  for  the  Arches  A  B  and  Cjp  being  equal, 

they 
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they  will  be  defcribed  in  equal  times.  But  the  Led:.  II. 
Angle  DOC  being  greater  than  A  OB,  the  Mo- 
tion  in  D  will  appear  fwifter  than  that  at  A.  But 
in  this  Cafe  the  Body  will  never  appear  to  Hand, 
or  to  go  backwards,  but  always  forward  ;  And 
Therefore  when  a  Spectator  placed  within  the  Orbit 
of  another  Body,  and  viewing  its  Motion,  per¬ 
ceives  it  fomerimes  to  go  forward,  then  to  ftand 
ftill,  and  afterwards  to  go  backward,  we  may 
from  thence  conclude  that  the  place  of  the  Specta¬ 
tor  is  likewife  moved. 


LECTURE  II. 

Of  the  apparent  Motion  which  arifes  from 
the  Motion  of  the  Spectator ,  or  Obferver. 

ITHERTO  we  have  fuppofed 
the  Spectator  to  have  remained  im¬ 
moveable  all  the  time  of  the  obfer- 
vation  :  But  if  the  Place  of  the  Ob- 

_  ferver  be  likewife  moveable,  then 

there  will  be  very  different  Appearances,  and 
the  Eye  will  perceive  thofe  Bodies  to  be  at  reft 
which  may  have  really  a  very  quick  Motion,  and 
other  Bodies  may  feem  to  be  in  Motion,  which  re¬ 
main  really  at  reft  :  And  not  only  thefe  appear¬ 
ances  may  be  feen,  but  the  Motion  of  Bodies  may 
appear  to  be  direCtly  contrary  to  what  they  truly 
are,  and  Bodies  which  are  really  going  E/tfiward 
may  appear  tojnove  towards  the  iPefl.  All  which 
will  be  moft  ealily  declared  and  made  plain  from 
the  appearances  obferved  by  them  who  Sail  in  a 
Ship,  T.  , 

SUPPOSE  a  Ship  carried  by  the  Winds  a 

with  a  fwift  but  uniform  Motion  ;  the  Paflengers  ship,  per- 
can  neither  perceive  the  Motion  in  the  Ship,  nor  of  th0f 

any  the  Ship. 
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Led.  II.  any  thing  in  it  that  keeps  the  fame  relative  place 
in  the  Ship:  For  ftnce  the  Veffei  and  all  its  Parrs 
retain  the  lame  Situation  and  Pofition  in  refped 
of  the  Eye,  their  Images  painted  on  the  Retina 
will  always  abide  in  the  fame  Place,  and  therefore 
they  mull  appear  unmoved.  Hence  it  is,  that 
tho’  every  Thing  in  rhe  Ship  goes  as  fall  forward 
as  the  Ship  it  felf  does  ;  yet  fuch  Motions  cannot 
be  perceived  by  a  Spedator  that  (its  in  the  fame 
relative  Place,  and  who  has  the  fame  common 
Motion  with  the  Ship.  But  when  the  Spedator 
turns  his  Eyes  towards  the  Shoar,  or  upon  Objeds 
which  are  without  the  Ship,  they  will  feem  to  be 
moved;  for  while  the  Ship  goes  forward  it  carries 
along  with  it  the  Eye  of  the  Spedator,  by  which 
Butexter -  Motion  of  the  Eye  the  Pofition  of  external  Gb- 
nal  objetts  jeds  jn  refped  of  its  felf  will  be  changed,,  and 
sbip^wiu  their  Images  will  fucceffively  occupy  different 
feem  to  Places  on  the  Retina,  and  therefore  Objeds  with* 
move '•  out  the  Ship  which  are  really  at  reft  will  feem  to 

be  moved,  whereas  thofe  that  are  within  the 
Ship,  and  really  in  Motion,  will  appear  to  be  at 
,  reft. 

I  F  while  the  Ship  is  moving  very  faft  forward 
a  Ball  of  Lead,  or  any  other  heavy  Metal,  were  let 
fall  from  the  Topmaft,  the  Paffengers  in  the  Ship 
willobferve  the  Ball  to  fail  perpendicularly  down¬ 
wards,  and  it  will  fall  upon  the  Deck  juft  by  the 
Foot  of  the  Maft,  after  the  fame  manner  as  it  would 
fall  were  the  Ship  at  reft.  But  notwithftanding 
this,  the  true  Motion  of  the  Ball  is  not  in  the 
The  Mo-  Perpendicular,  but  in  an  Oblique  Line,  in  which 
tion  of  a  it  defcends ;  and  a  Spedator  in  another  Ship 
down  in' a  which  is  at  Anchor,  will  ealily  obferve  this  Obli- 
Sbip.  quity  and  Curvity  of  its  way  while  it  fails  thro’  the 
Air.  The  reafon  of  this  appearance  i$.ea(ily  (hewed  : 
For  according  to  the  firft  and  principal  Law  of 
Natural  Philofophy ,  a  Body  once  put  into  Motion, 
endeavours  to  retain  that  Motion,  and  to  continue 
moving  in  the  fame  diredion.  Now  the  Ball 
while  it  was  held  at  the  Topmaft  went  forward 
with  the  Ship,  and  had  its  Motion  communicated 

.  to 
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to  it;  and  therefore  after  it  is  left  to  fall,  it  will  Led:.  II. 
retain  the  fame  Force  to  go  forward  as  it  did  be- 
fore;  and  at  the  fame  time,  its  Weight  carrying  it 
downwards,  it  will  both  go  forward  and  defcend  : 

For  the  two  Forces,  one  communicated  by  the 
Ship,  and  the  other  from  Gravity,  will  not  hinder 
or  diminifh  one  another,  they  not  being  contrary. 

It  will  therefore  be  moved  as  faft  forward, 
and  as  much  downward  as  it  would  be,  did  the 
two  Forces  ad  upon  it  feparately  at  different 
times.  By  thefe  two  Forces  admg  together,  the 
Reditude  of  its  way  is  only  hindered,  which  if 
would  have,  did  the  Perpendicular  and  the  Hori¬ 
zontal  Forces  ad  feparately  ;  and  the  real  way  of 
the  Ball  thro’  the  Air  is  a  curve  Line,  exadly  like 
that  which  a  Body  takes  when  it  is  thrown  accord¬ 
ing  to  an  Horizontal  diredion:  And  in  fuch  a  Line 
it  will  be  obferved  to  move,  by  a  Spedator  placed 
near  it  in  another  Ship  which  is  at  reft.  Befides, 
fince  the  Ball  and  Mali  are  both  moved  forward  with 
the  fame  Velocity,  they  will  always  remain  at  the 
fame  Diftance  from  each  other,  and  therefore  the 
Ball  will  touch  the  Deck  juft  by  the  Foot  of  the 
Maft.  Moreover  the  Motion  of  the  Ball  forward 
is  common  to  the  Ship,  and  all  its  Parts,  as  like- 
wife  to  the  Paffengers  that  are  relatively  at  reft 
in  the  Ship  :  But  we  have  before  fhewed,  that  the 
common  Motion  could  not  be  obferved  by  the 
Paffengers  in  the  Ship,  and  therefore  it  cannot 
be  perceived  neither  while  the  Ball  is  falling. 
Wherefore  the  only  Motion  that  can  be  feen,  will 
be  that  which  is  impreft  upon  it  by  its  Gravity, 
which  is  peculiar  to  the  Ball,  and  by  which  it 
defeends.  And  therefore  the  Paffengers  will  fee 
the  Ball  defeending  only  in  a  Perpendicular  Line. 
Experiments  have  been  often  made,  which  de- 
monftrare  that  all  we  have  faid  is  exadly  true. 

I  F  any  Pcrfon  fitting  at  the  Ship’s  Head,  fhould 
throw  a  Ball  towards  the  Stern  with  the  fame  Ve- 
locity  that  the  Ship  goes  forward,  that  ball  would  tbroJnwitb- 
ncither  go  forward  nor  backward  ;  and  if  there  tbe  t>bip. 
were  no  Gravity  it  would  remain  immoveable : 

But 
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Led:.  II.  But  becaufe  Gravity  A6ts  upon  it,  it  will  really 
defcend  in  a  Perpendicular  Line,  and  a  Spectator 
in  a  Ship  at  Anchor  would  obferve  it  defending 
in  a  Right  Line.  For  the  force  impreft  upon  it 
when  it  is  thrown,  will  only  deftroy  the  firft  force 
communicated  to  it  from  the  Ship,  to  which  the 
Projedtile  force  is  contrary  and  equal.  But  for 
all  this,  the  Paffengers  will  not  perceive  this  Per¬ 
pendicular  and  diredf  Motion,  but  they  will  fee 
the  Ball  go  towards  the  Stern  with  the  fame  force, 
as  it  really  would  have  done,  had  the  Ship  been  at 
reft,  and  the  Ball  been  thrown  with  the  fame  force 
to  the  Stern. 

BUT  if  the  Velocity  with  which  the  Ball  is 
thrown  toward  the  Stern  fliould  be  lefs  than  that 
of  the  Ship,  the  real  Motion  of  the  Globe  will 
Be  forward,  in  the  fame  direction  in  which  the 
Ship  goes,  but  flower  than  it;  for  the  whole  Motion 
communicated  by  the  Ship  will  not  be  deftroy ’d, 
and  there  will  (till  remain  a  Part  of  its  former  Mo¬ 
tion,  by  which  it  will  be  carryed  forward,  tho’  not 
fo  faft  as  before.  But  the  Paffengers  will  perceive 
no  fuch  Motion,  but  they  will  obferve  the  Ball  to 
to  be  moved  in  a  Line  diredlly  contrary  to  its  real 
Motion,  with  that  very  Velocity  that  it  would 
have,  were  it  thrown  when  the  Ship  is  at  reft : 
Hence  it  is  plain  that  Bodies  may  appear  to  have 
a  Motion  diredlly  contrary  to  their  real  and  abfo- 
lute  Motion. 

An objefii-  BUT  fome  may  Objecft,  that  the  Ball  thus 
thrown,  will  really  hit  the  Stern  of  the  Ship,  and 
imprefs  on  it  a  confiderable  Blow,  which  it  could 
not  do,  had  it  not  a  Motion  towards  the  Stern. 
But  this  difficulty  is  eafily  removed  ;  for  tho’  they 
that  are  within  the  Ship  fee  the  Ball  go  and  hit 
the  Stern,  a  Spectator  without,  who  is  not  in 
Motion,  will  obferve  that  the  Ball  does  not  come 
upon  the  Stern  and  give  it  a  Stroak,  but  that  the 
Stern  rufhes  upon  the  Ball,  and  a  efts  upon  it  with 
all  its  force  :  And  the  force  of  the  ftroak  which 
each  Body  receives  is  the  fame  as  if  the  Ship  had 
been  at  reft,  and  the  Ball  had  fallen  upon  it  with 

the 
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the  fame  Velocity  that  the  Stern  does  really  come  U* 

againft  the  Ball ;  for  it  is  known  from  the  Laws 
of  Motion,  that  if  there  be  any  two  Bodies  A 
and  B  equal  or  unequal,  the  force  of  the  Stroak 
will  be  the  fame,  whither  B  with  a  certain  De¬ 
gree  of  Velocity  comes  upon  A  which  is  at  reft; 
or  if  B  (hall  be  at  reft,  and  A  with  the  fame 
Velocity  rullies  upon  B  ;  or  if  both  Bodies  move 
the  fame  way,  but  A  moving  fafter  by  its  greater 
Velocity  gives  B  an  impulfe,  the  force  of  the  Stroak 
will  be  the  fame  as  if  B  were  at  reft,  and  A 
came  upon  it  with  the  difference  of  their  Veloci¬ 
ties,  that  is  by  the  excefs  wherewith  the  Velocity 
of  A  is  greater  than  that  of  B  :  Or  Laftly,  if  A 
and  B  have  contrary  Motions,  and  hit  one  againft 
the  other,  the  greatnefs  of  the  Stroak  will  be  the 
fame  as  if  one  of  them  ftood  ftill,  and  the  other 
come  againft  it  with  the  fum  of  their  Velocities. 

In  one  Word,  whatever  the  real  Velocities  of  the 
Bod  ies  may  be,  fo  long  as  their  relative  Velocities, 
or  the  Velocities  by  which  they  approach  each 
other  remain  the  fame,  the  force  of  the  Stroak 
will  likewife  remain  the  fame.  Hence  it  is,  that 
in  a  Ship,  however  fwiftly  it  may  Sail,  all  our  Ap¬ 
parent  Motions,  and  the  Motions  of  every  thing 
in  the  Ship,  do  all  appear  to  be  the  fame  that  they 
would,  were  the  Ship  at  reft :  And  it  is  obler- 
vable  that  Flies  and  other  Infects  keep  the  fame  Mo¬ 
tion  in  regard  to  one  another,  whither  the  Ship  is 
at  reft,  or  Sails  uniformly  forward  with  any  de¬ 
gree  of  Velocity,  let  it  be  never  fo  great.  And  it 
isUniverfally  true,  that  all  Bodies  that  are  ftiut  up 
in  any  one  Place,  preferve  the  fame  Motions  in 
regard  of  one  another,  and  all  appearances  will 
be  the  fame,  whither  the  Place  remains  unmove-* 
able,  or  has  a  dircift  uniform  Motion  forward. 

I  have  brought  thefe  Examples  that  you  may 
perceive  how  wide  the  Differences  may  be  be¬ 
tween  real  and  Apparent  Motions,  and  how 
hard  it  is  to  judge  of  real  Motions,  by  thofe 
that  are  feen. 


BY 
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Le$:.  III.  B  Y  this  it  is  evident,  that  if. a  Spectator  were 
placed  in  Jupiter,  or  Saturn ,  or  in  any  other  of 
the  Planets ,  he  can  never  be  made  fenfible  of  the 
Motion  of  his  own  Habitation,  no  more  than  they 
who  Sail  in  a  Ship  can  perceive  the  uniform  mo¬ 
tion  of  the  Ship.  Palfengers  who  Sail  in  Ships 
may  indeed  be  very  fenfible  of  the  frequent  Tof- 
fings  and  fudden  Shocks  the  Ship  receives  from 
the  Waves  and  Wind,  which  they  find  exceedingly 
troublefome  to  them.  But  the  Planets  which  com- 
pofe  a  Celeftiai  Fleet,  are  not  liable  to  any  Storm, 
they  without  any  Difturbance  or  Commotion  cir¬ 
culate  in  their  Orbits,  and  Sail  as  it  were  in  a  mo  ft 
Pacifick  Ocean,  which  is  continually  Calm  and 
Serene. 
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LECTURE  lit 
Of  the  Sjflem  of  the  World. 


,|j  E  have  (hewed  that  according  to 
the  different  Situation  and  Mo¬ 
tions  of  the  Spectator,  the  Ap¬ 
pearances  of  Things  will  be  very 
various  and  different.  That  we 
may  have  a  more  Diftincft  know¬ 
ledge  of  the  Fabrick  of  the  tVorld,  and  that  the 
admirable  Beauty  of  the  Univerfe,  and  the  har¬ 
monious  Motions  of  the  Bodies  therein  contained 
may  be  more  eafily  underftood,  it  will  be  requifite 
that  that  Divine  and  Immenfe  Fabrick  fliould 
not  be  obferved  from  one  Point  or  Corner  only  : 
But  as  in  Viewing  of  large  Palaces,  we  take  the 
different  Profpecfts  they  afford  from  feveral  Places  ; 
fo  here  to  have  a  true  and  juft  Notion  of  the 
World,  we  muft  fuppofe  it  to  be  oblerved  in 

dif- 
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different  Situations  and  Diftances,  that  by  con-  Ledt.  III.1 
templating  the  various  Profpedts  it  gives  us,  and 
comparing  them  together,  we  may  obtain  at  laft  a 
diftindl  Knowlege  of  this  Immenfe  Palace  of  God 
Almighty ,  and  have  ail  Idea  or  Image  of  it  im* 
preffed  on  our  Minds,  which  is  worthy  of  its  In¬ 
finitely  wife  Architect. 

FOR  to  underftand  therefore  the  Heavenly 
Bodies,  their  Motions,  and  Appearances,  which  are 
called  Phenomena,  we  muft  feign  our  felves  not 
to  be  Inhabitants  of  this  Earth ,  and  fixed  to  one 
Habitation,  but  fuppofe  We  have  the  Power  of 
Travelling  every  where,  thro’  the  Immenfe  Re¬ 
gions  of  indefinite  Space;  and  therefore  we  will  We  may 
fometimes  take  Poffeilion  of  fome  immoveable  Place,  lflafine t°liT 
from  thence  we  will  transfer  our  felves  to  the  have  a  free 
Sun ,  to  obferve  the  Regularity  and  Harmony  of  courfe  or 
the  Motions  which  are  to  be  feen  from  thence,  ^^fparfs 
afterwards  we  will  take  a  Journey  to  fome  o -  of  tbeVni- 
ther  of  the  Planets ,  that  we  may  from  them  “p* 

obferve  the  Apparent  Motions  of  the  Heavens;  fromonestar 
nor  will  we  confine  our  felves  within  this  Pld-  to  another* 
netary  Syftem ,  but  we  will  yet  afcend  much  higher 
in  the  Heavens,  and  view  the  World  from  2 
Comet  or  fix’d  Star . 

We,  tho ’  from  Heaven  remote,  to  Heaven  will  move 
With  ftrengtb  of  Mind,  and  tread  the  Ahyfs  above : 

And  Penetrate ,  with  an  Interior  Light , 

Thofe  upper  Depths,  which  Nature  hid  from  fight . 

Pleas'd  we  will  he  to  wall^along  the  Sphere 
Of  jhining  Stars ,  and  travel  with  the  Tear. 

To  leave  this  heavy  Earth ,  atid  Scale  the  Height 
Of  Atlas,  who  fupports  the  Heavenly  weight: 

To  lool^  from  upper  Light,  and  thence  Survey 
Miftaken  Mortals  wand'ring  from  the  way. 

O  V I  Db  Metamorphcfisy  Book  XV. 

C  NOW 
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X^edLIIl.  N  O  W,  tho3  our  Bodies  by  reafon  of  their 
Gravity  towards  the  Earth,  are  detained  as  it 
were  Prifoners  in  this  earthly  Manlion ;  yet  no¬ 
thing,  hinders,  but  that  with  our  Mind  and  X- 
magination,  we  may  wander  thro*  all  the  Heavenly 
Regions,  and  from  them  Contemplate  with  the 
Eyes  of  our  Reafon,  the  whole  Syftem  of  Nature^ 
Nor  do  I  fee  how  this  liberty  of  Imagination 
can  be  denyed  us,  which  was  always  allowed  to 
the  Afironomers  of  all  Ages  ;  for  they  to  obferve 
the  equal  Motions  of  the  Heavens,  thruft  the 
Spectator  down  to  the  Center  of  the  Earth,  and 
fuppofed  that  the  Heavens  were  viewed  from 
thence,  as  from  the  Center  of  a  Cryftai  Globe . 
An  Aftronomer  thinks  it  no  great  Conceflnon  or 
Pofiulatum ,  that  he  can  draw  a  Line  from  the 
Sun  to  the  Center  of  the  Earth  ;  and  from  thence 
again  to  any  Planet  or  Star.  He  divides  the 
Heavens  with  his  Circles,  and  marks  out  the  ways 
of  the  Planets  3  and  indeed  without  fuch  a  Li- 
cenfe  he  could  never  have  brought  Afironomy 
to  any  degree  of  Perfection. 

A  S  therefore  it  was  a  Cuftom  ahlon^  the 
Afironomers ,  to  place  the  Eye  in  the  Center  of  the 
Earth,  to  view  from  thence  the  Apparent  diurnal 
Revolution  of  the  Heavens  ;  which  would  front 
thence  be  feen  an  equable  Motion.  We  will  on 
the  contrary,  carry  the  Spedlator  to  fome  im¬ 
moveable  place  iii  the  Heavens ;  that  the  real 
and  abfolute  Motions  may  be  obferved  from 
thence  as  much  as  they  can  be,  equable  and  uni¬ 
form.  For  the  Afironomers  of  all  Sedis  do  agree, 
that  the  Motions  of  the  Planets  are  in  themfelves 
limple,  regular  and  uniform:  But  when  the  Hea¬ 
vens  are  viewed  from  the  Surface  of  the  Earth, 
or  even  from  its  Center,  the  Planets  feem  ro  be 
carried  by  very  unequal  Motions,  and  not  to 
obferve  any  regular  Courfe ;  and  therefore  we 
fbefhiiets  may  certainly  conclude,  that  our  Earth  is  not 

^Eanbtate  P^ace<^  t^lc  Center  ©f  their  Motions.  He  there - 
unequai  and  fore  that  would  obferve  the  real  and  proper  Mo- 
t^ons  0f  eekftial  Globes,  muft  firft  placd 
•  *  -  him- 


irregular 

Motions, 
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himfelf  in  the  Center  of  the  Sun,  or  in  fome  Led:.  III.' 
Point  or  Space  not  far  diftant  from  it  ;  and  then 
let  him  confider  what  will  be  the  Appearances 
or  Phenomena  he  will  behold  from  thence. 

AND  firft  it  is  to  be  noted,  that  wherever  a  is 
the  Spectator  refides,  he  will  ftill  be  in  the  Cen -ways  in  the 
ter  of  his  own  view;  for  in  an  indefinite  Space, 
where  there  is  nothing  to  bound  our  ProfpeCt, 
all  ObjeCts  that  are  at  a  great  Diftance  from  us, 
tho’  they  be  at  immenfe  Diftances  from  one  an-' 
other,  yet  if  they  appear  in  the  fame  right  Line 
which  paflfes  thro’  the  Eye ,  will  be  feen  at 
the  fame  Point  of  Space;  and  all  Bodies  will 
appear  equally  remote,  when  their  Diftances  from 
us  become  fo  great,  that  the  Eye  cannot  eftimate 
or  judge  of  them :  And  confequently  the  Specta¬ 
tor  will  look  upon  them  ail  as  placed  in  the  Sur¬ 
face  of  a  Sphere,  which  has  the  Eye  for  its  Cen¬ 
ter,  and  whofe  Surface  is  at  an  immenfe  Di- 
Itance,  in  which  Surface,  all  the  heavenly  Bodies 
will  feem  to  perform  their  Motions.  Thus  tho* 
the  Moon  be  many  Millions  of  Miles  nearer  to 
us  than  the  Sun,  and  he  again  much  nearer  than 
the  fixed  Stars,  yet  all  appear  as  placed  in  the 
fame  concave  Surface  of  the  Heavens:  And 
even  the  Clouds  which  are  but  a  few  Miles 
above  us,  would  be  judged  to  be  as  far  diftant  as 
the  Moon  and  Sun ,  if  they  did  not  fometimes 
cover  them,  and  obfcure  their  Light.  In  what¬ 
ever  place  therefore  the  Spectator  refides,  whether 
it  be  in  the  Earth,  or  the  Sun,  or  in  Saturn  the  fur- 
thermoft  of  the  Planets,  or  even  in  a  fixed  Star ,  that 
place  will  be  looked  upon  by  its  Inhabitants  as  the 
middle  Point  of  the  Univerfe,  and  the  Center  of 
the  World ;  fince  it  is  the  Center  of  that  fpherical 
Surface  in  which  all  diftant  Bodies  feem  to  be 
placed. 

A  Spectator  therefore  living  in  the  Sun,  when  The  Pro- 
he  looks  towards  the  Heavens,  will  obfervc  its  fpeft  of  the 
Surface  to  be  fpherical  concave,  and  concen- %°cr^n{re°m* 
trical  to  his  Eye ;  in  which  Surface  he  will  ob-  the  sun.  * 
ferve  an  innumerable  multitude  of  Stars,  which 

C  %  we 
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Led:,  HI.  we  call  Fixed ,  every  where  dilperfed  throughout 
\S*Y**^  the  whole  Heavens,  which  like  fo  many  gilded 
Studs,  with  a  bright  Luftre  adorn  the  Firmament. 
Thefe  Stars  we  call  Fixed ,  becaufe  as  feen  from 
the  Earth,  they  preferve  the  fame  immutable  Po¬ 
rtions  and  Diftances  from  each  other  ;  and  fo 
from  the  Sun  likewife,  they  will  appear  always  to 
retain  the  fame  Situations  in  refpedl  of  one  an¬ 
other,  nearly  as  they  are  obferved  to  have  when 
feen  from  the  Earth.  For  their  Diftance  either 
The  r^e  Earth  or  Sun  is  lo  great,  that  the  little 

menfe  Di-  change  of  place  (however  great  it  be  when  compa- 
Jlance of  ibe  red  t0  0ur  common  Meafures)  which  is  made  by 
pom  Ibe™^ ringing  a  Spe&ator  from  the  Earth  to  the  Sun* 
Sun.  will  fcarcely  make  any  change  in  the  vifible  Si¬ 
tuation  of  the  Stars.  Now  tho’  the  fixed  Stars 
feen  from  the  Earth  do  always  preferve  the  fame 
Diftances,  Pofitions  and  Situations  in  refpecf  of 
one  another,  yet  in  refpedt  of  the  Eye  we  obferve 
The  stars  them  to  change  their  Pofitions,  and  fometimes 
Toftuot^ln  they  feem  to  mount  higher  in  the  Heavens,  and 
re/pea  of  to  come  more  perpendicularly  over  us  dy  then  they 
S^a"  defcend  again  and  appear  to  turn  round  in  Circles* 
fome  in  greater,  fome  in  lefs,  about  an  Axis  which 
is  the  Axis  of  the  Earth  :  And  this  Circumvolution 
of  theirs  is  every  Night  to  be  obferved  from  the 
Earth ;  but  whoever  would  view  them  from  the 
Center  of  the  Sun,  would  perceive  them  abfolute- 
ly  immoveable,  and  always  abiding  in  the  fame 
place  of  the  Firmament.  And  this  Appearance 
will  be  the  fame,  whither  the  Stars  do  really  reft 
in  the  fame  place  ;  or  whither  the  Heavens,  in 
which  the  Stars  are  placed  together  with  the  Sun, 
revolved  round  the  Axis  of  the  Earth  :  For 
if  there  were  really  any  fuch  revolution  of  the 
Heavens,  a  Spectator  in  the  Sun  would  have  that 
Motion  in  common  with  the  Stars,  and  therefore 
he  could  be  no  more  made  fenfible  of  it,  than  a 
Palfenger  in  a  Ship  can  obferve  by  his  Senfes 
the  Courfe  and  Motion  ot  the  Ship. 

BESIDES  the  innumerable  Stars  at  reft, 
there  are  Six  other  fhining  Globes  to  be  oblervcd* 

which 
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which  perform  their  circulations  round  the  Sun,  LedL  III. 
in  very  different  Periods  of  Time  :  And  therefore 
they  muff  have  conflantly  variable  Politions,  and 
be  always  changing  their  Diftances  from  one  a- 
nother,  as  well  as  from  the  quielcent  Stars.  Thefe 
Globes  or  Stars  are  called  Planets,  which  fignifies 
Wanderers ,  and  one  of  them  is  the  Earth,  the  place 
of  our  Abode.  And  even  rho’  we  fliould  fuppofe 
the  Earth  to  be  at  relf,  and  that  the  Sun  did 
really  move  round  it  in  the  Space  of  a  Year,  yet 
a  Spedfator  in  the  Sun  would  obferve  that  the 
Earth  turned  round  about  him  ;  and  would  lee 
it  defcribe  the  fame  Circle  in  the  Heavens,  that 
we  in  the  Earth  obferve  the  Sun  to  perfprm  his 
Courfe  in  ;  as  we  fhall  afterwards  dcmonftrate. 

THE  Names  and  Characters,  or  Marks  for  ybe  fix 
the  Planets  are  Saturn  h,  Jupiter  Ip,  Mars  £,  Planets,  or 
the  Earth  ®,  Venus  9  ,  Mercury  9  .  Thefe  Cha-  ^  anderers. 
radters  were  Invented  by  the  Aftronomers  as  Abbre¬ 
viations  in  writing.  The  Planets  do  all  turn  the 
fame  way  as  the  Sun,  from  the  Weft  to  the  Eaft,  The  Tit¬ 
les  Orbits  which  lye  in  Planes,  which  are  not  much  vets  ,  twrH 

.  i-i  J  »  1  1  •  •  i  •  round  the 

inclined  to  one  another,  but  nearly  coinciding  :  sun  from 
So  that  the  Planes  of  thefe  Orbits  in  the  Hea-  WeftroEatt* 
yens,  being  little  inclined  to  one  another,  ma¬ 
ke  Angles  with  that  Circle  in  which  the 
Earth  is  feen  to  turn  round  the  Sun,  but  of  a 
very  few  Degrees.  As  all  Planes  that  are*  not 
Parallel,  cut  one  another  in  right  Lines  ;  fo  the 
Planes  of  the  Orbits  in  which  the  Planets  move, 
cue  one  another  in  Lines  that  pafs  thro’  the  Sun’s 
Center ;  and  therefore  a  Spedfator  there  placed 
will  be  in  the  Plane  of  each  Orbit,  and  will  obT 
ferve  that  the  Planets  moving  in  the  concave  Sur¬ 
face  of  the  Heavens,  perform  their  Motions  in 
great  Circles,  which  divide  the  Heavens  into 
equal  Portions.  Now  the  Eye  being  in  this  Si¬ 
tuation,  in  the  Planes  of  all  the  Planets  Orbits, 
can  never  by  that  means  judge  of  their  different 
Diftances  from  the  Sun  ;  for  from  thence  they 
will  all  feem  to  be  at  the  lame  Diftance  from  him: 

4$d  therefore  to  obferve  their  different  Diftances, 
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Le&.III.  as  well  as  Periods,  ir  will  be  neceffary  that  our 
Spectator  fhouid  remove  from  the  Sun,  and  rife 
above  the  Planes  of  all  the  Orbits,  in  a  Line 
Perpendicular  to  the  Plane  of  the  Earth’s  Orbit  ; 
and,  for  Example’s  fake :  Let  us  Suppofe  him  to  rife 
fo  high,  as  that  his  Diftance  from  the  Sun  may 
equal  the  Earth’s  Diftance  from  ir,  and  let  him 
there  make  his  dfironomical  Obfervatory:  From 
thence  he  will  not  only  obferve  the  fame  fixed 
Stars  in  the  fame  Polition  as  before,  but  he  will 
fee  both  Sun  and  Planets  in  the  Heavens:  The 
Sun  indeed  will  appear  like  the  fixed  Stars,  immove¬ 
able  ;  but  the  Planets  will  be  feen  to  turn  round 
in  lelTer  Circles  about  him,  at  very  different  Di- 
ftances,  and  in  different  Periods:  They  who 
finifh  their  Circuits  fooneft  are  feen  neareft  to 
the  Sun,  and  the  Circles  they  move  in  are  the 
leaft ;  they  who  take  a  longer  time  in  revolving 
defcribe  larger  Circles,  and  are  further  removed 
&f*the°rpla-  fr°m  r^e  Sun  j  and  r^e  or<ler  of  the  Planets  will 
nets.  be  fuch  as  is  reprefented  in  Figure  i  Plate  II. 

Where  the  Sun  remains  unmoved  in  the  Center 
of  ail  rhe  Orbits  ;  round  about  him  fix  Planets 
make  their  Revolutions,  vi%.  Mercury,  Venus ,  the 
Earth ,  Mars ,  Jupiter,  and  Saturn ,  all  from  the 
plate  II  t0  r^e  £4/?,  according  to  the  order  of  the  Let- 

rig.  1.  *  ters  A  B  C  D.  Mercury  is  next  the  Sun ,  and  finifhes 
his  Courfe  in  three  Months:  Venus  in  an  Orbit  fome- 
what  larger,  performs  her  Period  in  eight  Months  : 
Beyond  the  Orb  of  Venus ,  is  that  of  the  Earth , 
which  revolves  round  the  Sun  in  the  fpace  of  a 
Year  :  Mars  takes  two  Years  to  compleat  his  Cir¬ 
culation  :  And  Jupiter  at  a  much  greater  Diftance, 
does  not  finifh  his  Revolution  ’till  £fter  twelve 
Years :  The  furthermoft  and  floweft  of  all  is 
Saturn,  whofe  Orbit  includes  all  the  others,  and 
requires  not  much  lefs  than  30,  Years  to  compleat 
his  Courfe. 

-i!a"  THIS  was  the  Antient  Syftem  of  the  World, 
gorean  sy-  which  was  at  firft  introduced  into  Greece  by  the 
fiem.  Great  Pythagoras  and  his  Difciples ,  who  had 
learned  it  from  the  Wife  Men  of  the  Eaji ,  to 

whom 
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whom,  as  to  an  Univerfity  they  then  all  reforted  for  LedL  HI.’ 
Inftrucftion.  'Tis  true,  the  other  Apparent  Syftem, 
which  fuppofes  the  Earth  immoveable,  and  the 
Heavens  to  revolve  about  it,  was  received  among 
the  Vulgar  and  Illiterate  part  of  Mankind  ;  yec^ 
rhe  Philofophers  retained  the  true  Syftem,  ’till 
Ariftotle  and  the  Philofophers  that  came  after 
him,  degenerating  from  their  Predecelfors  ,  and 
not  being  acquainted  with  true  Philofophy,  em¬ 
braced  the  Common  Syftem  of  the  Vulgar:  So 
that  the  Antient  Syftem  was  forgot,  and  not 
minded  ’till  the  time  of  Nicolaus  Copernicus ,  who 
again  brought  it  to  life  and  retrieved  it  from  Obli¬ 
vion  ;  and  eftablifhed  it  by  folid  Arguments  and 
Reafons :  Whence  this  Syftem  is  now  called  the 
Copernican  Syftem.  After  the  Invention  of  Tele- 
fcopes,  the  Secundary  Planets,  with  many  new 
and  unthought  of  Appearances,  were  obferved  in 
the  Heavens  by  the  Aftronomers ,  which  did  won¬ 
derfully  enlarge  the  Antient  Syftem,  and  confirm’d 
it  with  invincible  Demonftrations. 

I  F  a  Spectator  fhould  with  a  Telefcope  more  neJ^ea^a0\ 
nearly  view  the  Planets,  he  will  foon  find  that  pai^e  fpberU 
they  are  fpherical  Bodies,  and  opake,  like  our  cal  bodies. 
Earth  ;  having  no  proper  Light  of  their  own,  but 
that  they  fhine  with  the  borrowed  light  of  the 
Sun  ;  for  that  fide  of  them  which  is  turned  to¬ 
wards  the  Sun  is  always  illuminated,  and  it  is  by 
the  reflected  Light  of  the  Sun,  that  they  become 
vifible  :  But  the  fideoppofite  to  the  Sun,  which  the 
borrowed  Rays  cannot  reach,  remains  dark  and  ob- 
feure.  And  befides  this,  as  all  opake  Bodies  do, 
the  Planets  caft  a  Shadow  behind  them,  which 
is  always  oppofite  to  the  Sun.  The  Line  in 
the  Planets  Body  which  diftinguifhes  the  lucid 
part  from  the  obfeure,  is  fometimes  right,  fome- 
times  crooked  ;  and  it  is  fometimes  convex  to¬ 
wards  rhe  Splendid  part  and  Concave  on  the  ob¬ 
feure  ;  fometimes  on  the  contrary,  it  appears  Con¬ 
vex  towards  the  obfeure  Side  and  Concave  to¬ 
wards  the  fhining  Face  of  the  Planet,  according 
to  the  different  Situation  of  the  Eye  in  refpeft  of 
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the  Planet,  and  of  the  Sun  which  illuftrates  the 
Planet  j  which  different  Polition  is  likewife  the 
caufe  why  fometimes  we  lee  a  greater,  fometimes 
a  lexTer  Portion  of  the  illuminated  Face ;  as  it 
ought  to  be  in  fpherical  opake  Bodies  which  are 
expo-fed  to  the  bright  light  of  the  Sun. 

THREE  of  the  Planets,  vi%.  The  Earth, 
Jupiter  and  Saturn,  have  other  lelfer  Planers 
which  continually  accompany  them ,  thefe  are 
called  Secundary  Planets ,  Moons  or  Concomi¬ 
tants  j  for  they  conftantly  keep  clofe  to  their  re- 
fpe&ive  Primaries,  and  always  attend  upon  them 
in  their  Circulation  round  the  Sun ;  and  in  the 
meantime  eaph  of  them  performs  his  proper  Revo** 
lution  round  his  proper  Primary.  The  Earth  in¬ 
deed  has  only  the  A loon  to  keep  her  company, 
who  never  forfakes  her  in  her  Annual  Courfe 
round  the  Sun,  and  while  fhe  attends  upon  us, 
{he  performs  proper  Circulations  of  her  own 
round  the  Earth ,  in  the  fpace  of  a  Month. 

THAT  the  Moon  appears  fo  large  to  us,  and 
fliines  fo  brightly  beyond  all  the  Stars,  and  in 
bignefs  feems  to  equal  the  Sun,  is  owing  inrirely 
to  her  nearnefs  to  the  Earth  •  for  a  Spedator  in 
the  Sun,  would  fcarcely  be  able  to  obferve  her 
without  a  Telefcope,  and  therefore  if  fhe  were 
as  far  removed  from  us  as  the  Sun,  {he  would  be 
fo  fmall  as  fcarcely  to  be  vifible  by  an  Eye  that 
is  not  aififted  by  a  Glafs. 

JV  P  IT  E  has  four  Moons  that  attend  him, 
which  at  different  Diftances,  and  with  different  Pe¬ 
riods,  perform  conftant  Circulations  round  him  ; 
that  which  is  next  to  him,  is  no  further  removed 
than  2  £  of  his  own  Diameters,  and  turns  round 
in  one  Day,  eighteen  Hours  and  an  half.  The 
2  d,  at  the  Di(fance  of  4-5  Diameters,  defcribes 
its  Orbit  in  the  fpace  of  three  Days,  and  thirteen 
Hours.  The  3  d  is  removed  from  Jupiter ,  feven 
of  his  Diameters,  and  finifhes  his  Circulation  in 
feven  Days,  four  Hours.  The  furthermoft  com- 
pleats  his  Period  in  the  fpace  of  16  Days,  16- 
Hours,  at  the  Diftance  of  x  2  Diameters  of  Jupiter . 

”  THESE 
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THESE  Jovial  Planets  were  flrft  obferved  Le6L  III- 
by  that  Noble  Italian  Philofopher  Galileus ,  by 
the  help  of  the  Telefcope  which  he  firft  Invented, 
and  by  them  he  encreafed  the  number  of  the  Ce- 
leftial  Bodies,  and  called  them  Medicean  Stars, 
in  honour  of  the  Dukes  of  Tufcany,  with  whofe 
Name  he  dignified  them.  By  the  benefit  of  thefe 
new  difcovered  Worlds,  JlJlro7iomy  and  Geography 
have  received  many  particular  Advantages. 

S  A  T  V  I^N  performs  his  Courle  round  the  * 

Sun  with  no  leis  than  five  Attendants,  tho’  moft 
of  them  by  reafon  of  their  great  Diftance  from 
the  Sun,  and  the  fmallnels  of  their  own  Bodies, 
are  not  to  be  feen  but  by  the  help  of  very  long 
Telefcopes :  The  acute  Eyes  of  Mr.  CoJJini  the 
French  King’s  slftronomer ,  were  the  firft  that  reach¬ 
ed  all  that  have  been  already  difcovered ;  and  but 
of  late  they  have  been  feen  in  Britain ,  by  means 
only  of  that  Telefcope  which  was  given  to  the 
ROYAL  SOCIETY  by  the  Uluftrious 
M.  Hugens.  The  Diftances  of  rhefe  Planets  from 
Saturn,  and  their  Periodical  times,  are  as  follow- 
eth.  The  neareft  compleats  his  Revolution  in  one 
Day  and  J,  and  is  diftant  from  Saturn  s  Center 
4  f  of  his  Semidiameters.  The  2  d  revolves  a- 
bout  Saturn  in  2  Days  17  Hours,  and  the  Semi- 
diameter  of  his  Orbit  is  5  {  of  rhe  Semidiameters 
of  Saturn.  The  3d  finifhes  his  Revolution  in  4 
Days  and  12  Hours,  at  the  Diftance  of  8  Semi¬ 
diameters.  The  4th  compleats  his  Period  in  16 
Da\s,  and  is  diftant  from  Saturn  18  of  his  Se¬ 
midiameters.  The  5th  and  outermoft  takes  79',- 
Days  to  finifti  his  Courfe,  and  is  54  Semidiameters 
of  Saturn  diftant  from  him. 

BESIDES  thefe  Attendants,  Saturn  has  an 
Ornament  peculiar  to  himfclf,  for  he  is  dignified 
with  a  Ring  which  furrounds  his  middle,  and 
does  no  where  touch  his  Body  ;  but  by  an  exadt 
Libration  and  Equiponderancy  of  all  its  Parts,  fu- 
ftains  it  felf  like  an  Arch, and  being  rhus  fufpended 
by  Geometry ,  it  is  kept  from  falling  upon  his  Body. 

The  Diameter  of  this  Ring,  is  more  than  double 

of 
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Ledt.IV.  of  the  Diameter  of  Saturn-,  and  tho’  the  thicknefs 
of  this  Ring  on  the  convex  or  concave  fide  be 
but  fmall,  yet  its  breadth  or  depth  is  fo  great, 
that  it  takes  up  the  half  of  that  Space  which  is 
between  its  outward  Surface  and  the  Body  of 
Saturn ,  the  reft  of  the  Space  remaining  void  :  So 
that  in  proper  Situations  we  can  fee  the  Heavens 
between  the  Ring  and  the  Body.  For  what  pur- 
pofe  this  admirable  Ring  was  made,  we  know 
not ;  and  perhaps  we  never  may  come  to  the 
Knowledge  of  it,  fince  we  find  nothing  in  Na¬ 
ture  like  it :  But  yet  we  cannot  but  admire  the  In¬ 
finite  Majefty  and  Power  ol  GOD,  who  in  this 
our  Age,  has  difcovered  and  (hewed  us  new  and 
unthought  of  Inftances  of  his  Greatnefs. 


LECTURE  IV. 


In  which  is  proved  that  the  Syftem  Ex* 
plained  in  the  former  L-fture,  is  the 
true  Syfem  of  the  World* 


H;  T  may  perhaps  be  objected  againft  the 
™  Syftem  of  the  World  delivered  in  our 
laft  Lecture,  that  we  feigned  and 
imagined  our  Spe&ator  carried  up 
into  Heaven,  and  from  thence  to  have 
feen  with  his  Eyes  the  Motions,  Situations,  and 
Order  of  the  Planets  which  we  there  Explained, 
But  this  was  only  done  in  Imagination,  and  there^ 
fore  being  nothing  but  a  Fancy  or  Fidlion,  the 
Syftem  we  have  given  upon  that  Suppofition , 
will  be  likewife  only  a  Fidtion  or  Hypothefls, 
and  may  not  anfwerto  the  Reality  of  Things.  Can 
there  not,  by  the  fame  liberty  of  Fancy,  any  o- 
ther  Order  of  the  Planets  be  fuppofed,  and  another 
Syftem  be  given  quite  different  from  ours  ?  Can¬ 
not 
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not  we  relying  upon  our  Senfes,  place  the  Earth  LeCt.  IV* 
in  an  immoveable  Polirion,  and  fuppofe  the  Sun  J 

and  Planets,  and  all  the  Stars  to  move  round  it,  as 
our  Eyes  teftifie  to  us  that  they  do,  and  from  luch 
Portions  cannot  we  explain  all  the  Appearances 
of  their  Motions  ? 

I  Anfwer,  that  altho*  we  fancied  our  Specta¬ 
tor  railed  up  to  the  Heavens,  and  from  thence  to 
have  looked  upon  the  Sun  and  Planets;  yet  the 
Order,  Motions  and  Pofitions  of  the  Planets, 
which  would  be  feen  upon  that  Suppolition,  and 
which  we  explained  in  the  preceding  LeCture, 
is  no  Fancy,  or  FiCtion  of  the  Imagination,  but 
is  as  real,  certain,  and  indubitable,  as  if  a 
Spectator  were  there,  and  faw  it  with  his  Eyes.  TrUe  A 
A  true  Afironomer  feigns  nothing  without  folid  flronomy 
and  fufficient  Reafons,  he  takes  Nature  for  his  admits  of  no 
Guide  and  Rule,  and  lays  his  foundations  on  Ob-  Hypotbvfiu 
fervations:  He  raifes  his  Syftem  upon  Phyficai 
Caufes,  and  invincible  Geometrical  demonflrations, 
with  which,  as  with  an  indiffolvable  Cement, 
he  joins  and  binds  the  whole  Fabrick  together. 

The  Hypothefes  of  Ptolemy  and  Tycho  may  truly 
be  called  FiCtions,  for  they  have  nothing  in  them 
but  a  bare  Suppolition,  on  which  without  any 
reafon  they  depend  ;  and  they  diftort,  and  dilorder 
the  whole  frame  of-  Nature.  But  the  true  Aflro- 
nomy  is  the  moft  Antient  of  aH,  for  it  was  pre- 
fervcd  in  the  School  of  the  Pythagoreans,  to  whom 
it  was  delivered  by  the  firfb  Afironcmers ,  either 
y. Egyptians  or  Chaldeans:  It  has  all  its  Parts  fitly 
joined  together  in  a  moft  agreeable  Harmony  and 
Order;  it  leads  us  to  the  knowledge  of  the  Uni- 
verfe,  and  the  wonderful  Symmetry,  Beauty  and 
regular  dilpclition  of  all  the  Bodies  that  compofe 
it.  There  is  nothing  in  Nature  that  does  more 
(how  the  peircing  Force  of  Human  Underhand- 
ing,  the  fubiimity  of  its  Speculations  and  deep 
refearches,  than  true  Ajlronomy.  It  raifes  our 
Minds  above  our  Senfes,  and  even  in  contradi¬ 
ction  to  them,  (hows  us  the  true  Syftem  of  the 
World  .*  The  faculty  of  Reafon  by  which  we  have 

'  ‘  '  made. 
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Ledt  IV.  made  thefe  great  difcoveries  in  the  Heavens, 
mult  needs  be  derived  from  Heaven,  fince  no 
Earthly  Principle  can  attain  fo  great  a  Per¬ 
fection.  And  fince  the  Origination  of  our  Minds 
is  from  Heaven,  it  may  be  expected  that  they  will 
endeavour  to  return  thither,  and  Heaven  will 
become  our  final  Habitation  :  We  will  here  de¬ 
clare  in  few  Words,  fome  of  the  ways  by  which 
the  Mind  arrived  to  the  knowledge  of  thefe  Hea¬ 
venly  difcoveries. 

A  vmon-  FIRST,  it  is  certain  that  wherever  the  Sun 
Jirationtbat  be  placed  the  Orbit  of  Venus  does  furround  him, 
turnaround  a°d  includes  him  within  it  feif ;  and  therefore 
the  Sun,  Venus  while  fhe  delcribes  this  Orbit,  does  really 
turn  round  the  Sun  ;  for  Venus  has  been  obferved 
to  be  above  or  be}  end  the  Sun,  fometimes  it 
{ias  been  feen  below  it  or  betv/een  the  Sun  and 
us.  That  Venus  afeends  above  the  Sun  is  plain 
from  hence,  that  when  (he  is  in  Conjunction  with 
the  Sun,  that  is  when  file  is  feen  from  the  Earth 
near  the  fame  part  of  the  Heavens  that  rhe  Sun 
is  in,  her  lucid  Face  appears  in  a  full  and  round 
Figure :  For  fince  all  the  Planets  borrow  all  the 
Light  with  which  they  fliine,  from  the  Sun,  it  is 
neceffary  that  that  Face  of  hers  fliould  be  lucid 
which  is  towards  the  Sun,  and  that  which  is  turn¬ 
ed  from  him,  be  involved  in  Darknefs;  and  there¬ 
fore  when  (lie  Shines  with  a  full  and  round  Face, 
that  fide  of  her  which  is  towards  the  Sun  is  alfo 
towards  the  Earth  ;  and  therefore  at  that  time 
fhe  mult  be  above  the  Sun,  for  in  no  other  Pofi- 
tion  could  her  illuminated  Face  be  towards  the 
Earth,  when  file  is  feen  in  Conjunction  with  the 
Plate  ii.  Sun.  In  the  Figure  let  S  reprefent  the  Sun,  T  the 
^2*  2*  Earth,  and  let  Venus  be  in  F  or  V,  where  (lie 
can  be  feen  from  the  Earth,  in  the  fame  part  of 
the  Heaven  that  the  Sun  is,  and  file  will  appear 
to  h^ve  a  full  and  round  fiiining  Face  ;  becaufe 
that  fide  of  her  which  is  illuminated,  and  is  to¬ 
wards  the  Sun,  is  likewife  turned  towards  rhe 
Earth  ;  and  therefore  the  Place  of  Venus  in  that 
<fafe,  mult  neceflarjly  be  above  the  Sun.  That 

Venus 
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Venus  is  alfo  fometimes  below  the  Sun,  or  between  LedL  IV. 
the  Sun  and  us,  is  evident  from  hence  *  that 
fometimes  when  Die  is  in  Conjunction  with  the 
Sun,  fhe  either  quite  difappears,  or  if  (lie  is  via¬ 
ble,  file  appears  Horned  and  takes  exaddy  the 
fliape  of  a  new  Moon  :  And  therefore  that  Face 
of  hers  which  is  towards  the  Sun,  either  is  wholly 
turned  from  the  Earth  as  in  G  ;  or  only  a  very  final! 
part  of  the  illuminated  Face  is  towards  the  Earth, 
and  cart  be  feen  by  its  Inhabitants,  in  which  cafe 
fhe  alfumes  a  horned  Figure  as  the  Moon  does  ; 
and  therefore  at  that  Time  Die  muft  of  necedky 
be  placed  between  the  Sun  and  us,  and  come  low¬ 
er  or  nearer  to  us  than  the  Sun  is.  Once  Venus 
was  leen  within  the  body  or  disk  of  the  Sun ; 
but  there  was  but  one  Man  who  had  the  happi- 
nefs  to  be  witnefs  of  the  Sight,  our  Country-Man 
Mr.  HorroXy  who  in  the  Year  of  Chrift  1639, 
obferved  it  with  his  Telefcope  to  enter  upon 
the  Body  of  the  Sun  like  a  black  Spot.  This  is  a 
Sight  which  can  feldom  be  obferved,  for  it  will 
not  be  feen  again  in  the  Sun’s  Body,  ’till  the  Year 
1761,  upon  the  26th  day  of  the  Month  of  May  in 
the  Morning,  at  which  time  all  our  Aflronomers  will 
no  doubt  be  bufie  in  making  their  Qbfervationsj  for 
by  them  our  Diltance  from  the  Sun  can  be  nearly 
determined,  which  before  that  Time  is  not  eafily  to 
be  afeertained.  Befides  this,  Venus  is  always  obfer¬ 
ved  to  keep  near  the  Sun,  and  in  the  fame  quarter 
of  the  Heavens  that  he  is,  for  Die  never  recedes  from 
him  beyond  a  certain  Diftance  of  about  45  Degrees  ; 
that  fo  Ihe  never  comes  in  Oppohtion  to  the  Sun,  or 
to  be  feen  in  the  Eaft  when  he  is  in  the  iVeft  ; 
nay,  Die  never  attains  or  arrives  at  a  Quartile 
Afpedt  with  him,  or  to  have  a  fourth  part  of  the 
Heaven  between  her  and  him,  which  would  ne- 
ceffarily  happen,  did  flic  perform  her  Period  round 
the  Earth  in  either  a  longer,  or  fhorter  time  than 
the  Sun  does. 

A  F  T  E  R  the  fame  manner  Mercury  always  The  up¬ 
keeps  himfelf  in  the  Neighbourhood  of  the  Sub, 
and  never  recedes  from  him  fo  far  as  Venus  does,  %  tbefcof 

heVenus- 
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Led:.  IV.  he  hides  himfelf  fo  much  in  the  Splendor  of  the 
UVV  Sun’s  Rays,  that  he  is  but  feldom  feen  by  us  on 
the  Earth  ;  but  lince  the  Invention  of  Telefcopes, 
he  has  been  frequently  obferved,  when  in  Con¬ 
junction  with  the  Sun,  to  pafs  under  his  disk 
like  a  black  Spot,  as  Venus  was  feen  by  Mr.  Hor- 
roxi  The  exceeding  Brightnefs  by  which  Mercury 
out-fhines  all  the  Planets,  does  evidently  prove 
him  to  be  much  nearer  the  Sun,  than  any  of  the 
reft-  3  for  the  nearer  any  Body  is  to  the  Sun,  the 
greater  is  the  Illuftration  it  received  from  him. 
From  all  this  it  is  evident,  that  Mercury  does  like- 
wife  go  round  the  Sun  in  a  leffer  Orbit,  inclu¬ 
ded  within  the  Orbit  of  Venus ;  which  therefore 
muft:  necelfarily  be  his  Place,  for  no  other  can 
be  affigned  him. 

Tbe  Orbit  MAI{S  is  not  like  Mercury  and  Venus ,  for 
of  Mars  in-  he  often  comes  in  Oppolition  to  the  Sun,  and 
dudes  the  appears  to  Rife  in  the  Eaft,  when  the  Sun  Setts 
tt^anThke-  in  the  Weft,  and  therefore  his  Orbit  includes  the 
wife  the  Earth  within  it,  and  nor  only  the  Earth,  but  it 
Earth.  necelfarily  includes  the  Sun  likewife;  for  Mars 
when  he  is  feen  near  the  Conjunction  with  the  Sun, 
if  he  were  between  the  Sun  and  Earth,  would 
either  quite  difappear,  or  appear  Horned  in  the 
fame  Shape  that  Venus  and  the  Moon  have  in 
that  Pofition:  But  he  always  preferves  a  full,  round 
and  fhining  Face,  except  near  his  Quadrat  AJpeft', 
that  is,  when  there  is  about  a  fourth  part  of  the 
Heavens  between  t|he  Sun  and  him;  then  he  is  ob¬ 
ferved  to  be  fomewhat  gibbous,  like  the  Moon, 
three  or  four  days  before  or  after  the  Full. 

Plate  II.  LET  S  reprefent  the  Sun,  T  the  Earth,  and 
ri8»  3*  the  Circle  MNPR  the  Orbit  of  Mars ;  it  is 
plain  that  Mars  in  both  M,  and  P,  muff  Ihine 
with  a  full  Face  upon  the  Inhabitants  of  the 
Earth,  becaufe  that  in  both  thefe  Politions  his 
Face,  which  is  towards  the  Sun,  and  by  it  Illumi¬ 
nated,  is  likewile  towards  the  Earth;  But  in  N 
and  R,  he  will  appear  a  little  gibbous  or  defici¬ 
ent  from  Full.  Belides  Mars  when  he  is  feen  in  Op- 
pofition  to  the  Sun,  looks  almolt  leven  times  larger, 

& 
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in  Diameter  than  when  he  is  near  to  a  Conjunction  tecft.  IV. 
with  him  ;  and  therefore  he  muft  needs  be  feven  y-s J 

times  nearer  to  the  Earth  in  the  one  Pofition  than  in 
the  other:  From  hence  it  is  plain,  that  tho’  the  Earth 
lies  within  the  Orbit  of  Mars,  yet  it  is  not  near 
to  the  Center  of  his  Orbit  ;  but  Mars  always  .  The  Earth 
keeps  nearly  at  the  fame  Distance  from  the  Sun, 
and  therefore  it  is  evident,  that  it  is  not  the  Earth,  Mars’*  Or- 
but  the  Sun  which  Mars  refpeefts  as  the  Center  bit. 
of  his  Motions :  For  Mars  feen  from  the  Earth 
appears  to  move  very  unequally,  fomerimes  to  go 
fafter,  fometimes  flower,  fometimes  he  fcarcely 
feems  to  move  at  all,  and  fometimes  he  even 
goes  with  a  backward  Motion  ;  whereas  a  Specta¬ 
tor  in  the  Sun,  would  always  fee  Mars  go  for^ 
ward  in  the  fame  uniform  tenor,  and  therefore 
it  is  moft  evident  that  the  Sun  is  the  Center, 
and  not  the  Earth,  of  Mars's  Motions.  Again, 
fence  the  fame  Appearances  are  obferved  in  Ju¬ 
piter  and  Saturn ,  as  in  Mars  (tho*  the  difpro- 
portion,  or  difference  of  the  Diftances  is  not  fb 
great  in  Jupiter  as  in  Mars ;  nor  fo  great  in 
Saturn  as  it  is  in  Jupiter)  and  the  Motions  of  The  fame 
thele  two  Planets  are  no  ways  uniform  round  Ayptaran- 
the  Earth  ;  yet  from  the  Sun  their  Motions  will  pker  anT 
be  feen  to  be  regular  and  orderly  :  It  is  plain  Saturn, 
from  hence  that  the  Sun,  and  not  the  Earth,  is 
in  the  Center  of  all  the  Orbits  of  the  Planets. 

The  place  of  the  Earth  we  have  demonftrated 

to  be  without  the  Orbits  of  Mercury  and  Venus± 

and  within  the  Orbit  of  Mars  ;  and  therefore 

its  Place  mull  needs  be  between  the  Orbits  of  Venus 

and  Mars:  And  from  thence  ir  follows,  that  the 

Earth  it  felf  muft  turn  round  the  Sun,  for  if  it  flood  7hc  E-arth 

ftill,  fince  ir  lies  within  the  Orbits  of  the  lupe-  Orbn  rouhd 

rior  Planets  Mars ,  Jupiter ,  and  Saturn ,  we  might  the  Sun’ 

indeed  obferve  the  Motions  of  thofe  Planets  from 

the  Earth,  to  be  very  unequal  and  irregular,  but 

they  would  never  appear  to  ftand  ftill,  or  to  go 

backwards,  fo  long  as  the  Orbits  themfelves  are 

quiefcenc,  as  we  demonftrated  in  our  firft  Le&ure. 

Since  therefore  the  Stations,  and  P^errograda- 

tions 
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JLedLIV.  tions  of  thefe  Planets  are  obferved  from  the  Eatth* 
and  fince  the  Pofition  of  the  Earth,  or  place  that 
it  obtains  in  the  Syftem,  is  in  the  middle  of  the 
moveable  Bodies,  having  Mercury  and  Venus  on 
one  fide  nearer  to  the  Sun,  and  Mars ,  Jupiter, 
and  Saturn  on  the  other  fide  more  remote ;  it 
being  of  the  fame  nature  as  they  are,  muft  like- 
wife  have  the  fame  fort  of  Motions  ;  and  as  the 
Earth  is  in  the  middle  place  between  Venus  and 
Mars ,  fo  its  Period  likewife  in  which  it  performs 
its  Courfe  round  the  Sun,  is  alfo  a  mean  between 
the  Periods  of  Venus  and  Mars ,  being  greater 
than  the  one,  and  lefs  than  the  other :  For  Venus 
defcribes  her  Orbit  in  eight  Months  ;  the  Earth 
in  a  Year;  but  Mars  takes  near  two  Years  to 
finifh  his  Courfe. 

A  Demon'  THERE  is  another  demonftration  of  the 

M ration  of  Earth’s  Motion  drawn  from  Phyfical  Caufes,  for 
5  which  we  are  indebted  to  the  admirable  difcoveries 
of  the  Incomparable  5/V  I  S  A  A  C  NEWTONi 
He  has  demonftrated  that  all  the  Planets  Gravitate 
towards  the  Sun  :  And  obfervations  teftifie  to  us, 
that  either  the  Earth  turns  round  the  Sun,  or  the 
Sun  round  the  Earth,  in  fuch  a  manner  as  that  they 
defcribe  equal  Area's  in  equal  Times.  But  Sir 
ISAAC  has  demonftrated  that  when  ever  Bodies 
turn  round  each  other,  and  regulate  their  Motions 
by  fuch  Law,  the  one  muft  of  neceftity  Gravitate 
to  the  other ;  and  therefore  if  the  Sun  in  its 
Motion  does  Gravitate  to  the  Earth,  Adtion  and 
Re-a&ion  being  equal  and  contrary,  the  Earth 
muft  likewife  Gravitate  to  the  Sun :  He  has 
likewife  demonftrated  that  when  two  Bodies 
Gravitate  to  one  another,  without  diredtly  ap¬ 
proaching  one  another  in  right  Lines,  they  muft 
both  of  them  turn  round  their  common  Center 
of  Gravity.  The  Sun  and  Earth  therefore  do  both 
turn  round  their  common  Center  of  Gravity.  But 
the  Sun  is  fo  great  a  Body  in  refpedt  of  the  Earth, 
which  is  but  a  Point  as  it  were  in  companion  of 
the  Sun,  that  the  common  Center  of  Gravity  of 
the  Earth  and  Sun,  muft  lye  within  the  Body  of 

the  I 


LECTURES.  33 

Sun  its  felf,  and  not  far  from  the  Center  of  the  Ledfc.  IV. 
Sun  :  The  Earth  therefore  turns  round  a  Point 
which  is  within  the  Body  of  the  Sun,  and  there¬ 
fore  turns  round  the  Sun .  This  Argument  drawn 
from  Phyfical  Caufes  I  take  to  be  unanswerable. 

COMPARING  the  Periods  of  the  Planets , 
or  the  Times  they  take  to  finifh  their  Circula¬ 
tions,  with  their  Diftances  from  the  Sun,  we  find 
they  oblerve  a  wonderful  Harmony  and  proper-  •  A  wonder - 
&ion  to  one  another ;  for  the  nearer  that  any  Pin-  f“l 
net  is  to  the  Sun,  the  fooner  does  he  finifh,  hi$  between  the 
Circulation,  and  his  Motion  is  the  quicker  :  And 
in  this  there  is  a  conftant  and  immutable  Law,  9’ 

which  all  the  Bodies  of  the  Univerfe  inviolably  Difiances 
oblerve  in  their  Circulations.  Vi\.  That  The  fromtbeSun. 
Squares  of  their  Periodical  Times ,  are  as  the  Cubes 
of  their  Diftances  from  the  Center  of  their  Orbits, 
about  which  the)  perform  their  Motions  regularly . 

The  moft  fagacious  Kepler  was  the  firft  who  dis¬ 
covered  this  great  Law  of  Nature  in  all  the  Pri¬ 
mary  Planets ;  afterwards  the  Aftrcnomers  obferved 
that  the  Secondary  Planets  did  likewife  regulate 
their  Motions  by  the  fame  Law  ;  and  that  in  the 
two  Syftems  of  Bodies  revolving  about  Jupiter 
and  Saturn ,  this  Rule  is  conftantly  obferved, 
that  the  Squares  of  their  Periodical  Times  are 
as  the  Cubes  of  their  Diftances  from  their  refpe- 
dtive  Primaries.  Thus  the  Moon  or  Satellite  that 
is  next  to  Jupiter ,  is  diftant  from  Jupiter  s  Cen¬ 
ter  2 i  of  Jupiter's  Diameters,  and  he  performs 
his  Period  in  42  Hours.  The  outermoft  Satellite 
deferibes  his  Orbit  in  402  Hours.  Say  therefore 
as  1764  the  Square  of  42,  is  to  161604  the 
Square  of  402  ;  fo  is  VtV  the  Cube  of  2-f,  to  a 
fourth  proportional  Number,  which  by  the  Gol¬ 
den  fiyle  will  be  found  nearly  ;  out  of 

which  number  extract  the  cube  Root,  and  we 
have  7/  or  \i\  for  the  Diftance  of  the  further- 
moft  Satellite  from  Jupiter.  Now  the  Obferva- 
tions  of  all  Aftronomers  confirm,  that  this  is  the 
true  Diftance  of  that  Satellite  from  che  Center  of 
Jupiter ,  and  the  lame  thing  is  to  be  obfefved 
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in  all  the  refly- as  likewife  in  the  Satellites  of 
Saturn. 

THE  reafon  of  this  Law  was  unknown  to 
Jsfpler,  for  he  found  it  out  only  by  Computation, 
comparing  the  Diftances  of  the  Planets  with  their 
Periods.  But  the  Glory  of  invefti gating  it  from 
its  proper  Caufte,  and  demonftrating  the  Phyiicai 
Neceftity  of  this  Law,  was  referred  for  the  Great 
Sir  ISAAC  NEWTON,  who  has  demon- 
ftrated,  that  without  a  total  Subversion  of  the 
Laws  of  Nature,  no  other  Rule  could  take  place 
in  the  Circulations  of  the  Heavenly  Bodies. 

SINCE  therefore  all  Aftronomers  do  unani- 
moufly  agree  that  the  Law  we  have  above  ex¬ 
plained  is  conftantly  obferved  by  14  great  Bo¬ 
dies,  of  which  there-  are  more  than  one  that  turn 
round  a  common  Center,  vi%.  live  Primary  Pla¬ 
nets  and  nine  Secondaries.  And  lince  the  Moon 
turns  round  the  EdrthT  if  the  Sun  did  likewife 
perform  his  Circuits  round  it,  according  to  this- 
Taw  of  Nature,  the  Moon  and  Sun  ought  to  re¬ 
gulate  their  Motions  in  the  lame  manner;  and; 


therefore  lince  the  Moon  Emilies  her  Courfe  in 
27  Days,  and  the  Sun  in  365,  and  the  Diftance  of 
the  Moon  is  known  to  be  about  60  Semidiame¬ 
ters  of  the  Barth  ;  “if  we  fay,  as  729  the  Square 
of  27  is  to  133225  the  Square  of  365,  fa  i& 
216000  the  Cube  of  60  to  another  which  will  be 
39460356,  the  cube  Root  therof  being  340- 
ought  to  exprefs  the  Diftance  of  the  Sun  from 
the  Eartby  provided  he  governed  his  Motion; 
by  the  fame  Law  that  all  other  Bodies  do.  Now 
the  Aftronomers  prove  by  invincible  Reafons  that 
the  Sun  is  more  than  30  times  further  from  the 
MartE  than  340  Semidiameters  of  the  Earth ; 
for  it  cannot  well  be  fuppofed  fo  little  as  icooo 
Semidiameters  :  According  to  which  Diftance  it 
could  not  turn  round  the  Earth  in  lefts  than  54700 
Years,  if  it  observed  the  fame  Law  which  all 
Other  Bodies  do. 


NOW 


L  E  C  T  V  R  E  S.  35- 

NOW  ir  is  certain  that  the  Sun  does  either  Led:.  IV- 
turn  round  the  Earth ,  or  the  Earth  round  the 
Sun  once  in  a  Year.  But  if  the  Sun  fhould  be  if  the 
made  to  turn  round  the  Earth ,  the  Univerfai  “ 

Law  of  Nature  would  thereby  be  violated,  the  Earth,  this 
Harmony  and  Proportion  of  the  Motions  deftroy-  tiarmonical 
ed,  and  a  Confufion  and  diforder  introduced  in-  ^ Univer- 
to  the  Frame  of  the  Univerfe.  But  if  the  Earth  / ally  hold . 
be  made  to  go  round  the  Sun  in  the  fpace  of  a 
Year,  it  will  then  perform  its  Circulation  accord¬ 
ing  to  the  fame  Law  which  the  other  Planets 
obferve ;  and  without  the  lead:  exception  rhere 
will  be  a  moft  beautiful  order  and  Harmony  of 
Motions  every  where  preferved  thro’  the  whole 
Frame  of  Nature. 

AS  we  difcover  the  mutual  Relations  and 
likenefs  of  Nature  that  is  in  the  Planets ,  in  that 
they  are  like  our  Earth ,  Opake,  Spherical  Bo¬ 
dies,  which  are  illuftrated  and  fhine  with  the 
borrowed  Light  of  the  Sun ,  round  whom  they 
all  Circulate,  as  we  have  faid,  with  a  regular 
Harmony  and  order  :  So  likewife  the  Sun  and 
all  the  fixed  Stars  which  fhine  with  their  own 
native  Light,  and  remain  immoveable  in  their 
Places,  are  to  be  confidered  as  Bodies  of  the  fame 
kind  and  Nature :  The  reafon  why  our  Sun  ap¬ 
pears  to  usfo  great  and  bright  in  comparifonof  the 
Stars,  whofe  weaker  Lights  difappear  as  foon  as 
the  Sun  begins  with  his  Beams  to  refrefh  and 
illuftrate  our  Habitation,  is,  that  the  Earth  at 
an  immenfe  Diftance  from  all  the  reft  of  the  Stars , 
keeps  near  to  the  Sun ,  round  whom  file  always 
circulates  ;  for  a  Spectator  placed  as  near  any 
i  of  them  as  we  are  to  our  Sun ,  would  fee  a  Bo- 
1  dy  as  big  and  bright  as  the  Sun  appears  to  us, 

;  and  every  way  like  our  Sun.  A  Spectator  as 
far  diftant  from  our  Sun  as  the  fixed  Stars  are 
from  us,  would  obferve  our  Sun  as  fmall  as  a 
Star ,  and  no  doubt  would  reckon  the  Sun  as 
one  of  them  in  numbering  the  Stars.  All  the 
fixed  Stars  therefore  are  Suns ,  and  the  Sun  dif-  . 
fers  in  nothing  from  a  fixed  Star. 
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Le6t.lV.  ALT  HO’  the  Earth  is  at  fuch  a  DiftancC 
from  the  Sun ,  that  if  it  were  to  be  feen  froth 
his  Body  it  would  appear  no  bigger  than  a  Point, 
yet  that  Diftance  is  fo  very  fin  ail  in  comparifon 
of  the  exceeding  great  Diftance  of  the  neareft: 
fixed  Star,  that  if  the  whole  Orbit,  in  which  we 
have  faid  the  Earth  moves  round  the  Sun ,  were 
feen  from  a  Star,  it  would  appear  likewife  no 
bigger  than  a  Point.  For  the  Angle  under  which 
the  whole  Diameter  of  the  Earth’s  Orbit  appears 
is  fo  very  fmall,  that  our  quickeft  and  moil 
fharp  lighted  Ajironomers  can  fcarcely  obferve  it. 
They  who  have  been  molt  diligent  in  obferving 
this  Angle  (which  they  call  the  Parallax  of  the 
great  Orbit,  that  is  of  the  Orbit  in  which  the  Earth 
moves)  have  always  found  it  to  be  lefs  than  a 
Minute,  and  therefore  the  fixed  Stars  muft  be 
at  leaft:  iocoo  times  further  from  us,  than  we 
are  from  the  Sun. 

HENCE  it  follows,  that  tho*  the  Earth  ap¬ 
proaches  nearer  to  fome  fixed  Stars  at  one  time 
of  the  Year,  than  it  does  at  the  oppoftte  Time, 
and  that  by  the  whole  interval  of  the  Diameter 
of  its  Orbit,  the  Stars  will  not  upon  that  account 
feem  bigger  when  it  is  neareft:  to  them,  nor  will 
the  vifible  Poiition  of  any  two  Stars  be  fenlibly 
changed  by  the  Motion  of  the  Earth.  For  even 
here  on  Earth ,  if  there  be  twro  Towers  that  are 
near  to  one  another,  if  they  are  ro  be  feen  by 
a  Spectator  who  is  ten  Miles  diftant  from  each, 
if  this  Spectator  approach  near  to  them  only  by 
one  Pace,  which  is  the  iocoo th  part  of  the 
Diftance,  he'  only  approaching  bv  fo  fmall  a 
Space,  can  no  ways  perceive  the  Towers  bigger, 
or  their  Diftance  from  one  another  greater.  After 
the  lame  manner  the  Earth  approaching  a  fixed 
Star ,  and  coming  nearer  to  it  by  the  ioooorh 
part  of  the  Diftance  between  the  Earth  and  it, 
a  Spectator  on  the  Earth,  upon  the  account  of  fo 
fmall  a  change  of  Place,  will  not  find  thereby  any 
•  fenfible  difference  either  of  the  Magnitude,  or 
Pofttioa  of  the  Star . 
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HENCE  it  follows,  that  if  the  Sun  were  as  Led:. IV* 
far  diftant  from  us  as  the  Stars  are,  that  is  10000 
Sem  diameters  of  the  Earth’s  Orbit,  it  would 
ap.  a.  10000  times  lefs  or  under  a  fmaller  Angle 
than  it  does  now  :  Now  the  Angle  under  which 
the  Sun  appears  to  us,  is  about  half  a  Degree  or 
30  Minutes;  if  the  Sun  were  removed  as  far 
from  us  as  the  fixed  Stars  are,  he  would  be  feen  The  Angle 
under  an  Angle  of  but  the  thoufandth  part  of  )ffersf~!cb 
three  Minutes,  that  is  under  an  Angle  no  bigger  would,  ap- 
than  ten  T 'birds,  which  is  altogether  impercepti-  pear  fen 
ble  ;  and  no  bigger  would  the  Angle  be  under a  “xcd 
which  a  Spectator  placed  among  the  fixed  Stars 
would  obferve  the  Sun. 

AGAINST  this  Pofition  of  ours  fome  may 
object,  that  if  the  Diftance  of  the  Stars  be  fo 
great,  they  themfelves  muft  be  vaftly  larger  than 
our  Sun 5  for  they  cannot  according  to  them  be  lefs 
than  a  Sphere,  whole  Semidiameter  equals  the 
Diftance  between  the  Sun  and  us  ;  for  they  aflert 
that  the  Stars ,  at  lead  thole  of  the  firft  Magni¬ 
tude,  are  feen  under  an  Angle  at  lead  of  one 
Minute:  But  the  Orbit  of  the  Earth  feen  from  the 
fixed  Stars  does  not  lubtend  a  greater  Angle,  and 
therefore  the  Diameter  of  the  Stars  is  not  lefs  than 
the  Diameter  of  the  Earth’s  Orbit.  Now  that 
Sphere  whofe  Semidiameter  equals  the  Diftance 
between  the  Sun  and  Earth ,  is  ten  Millions  of 
times  greater  than  the  Sun ;  confequendy  the 
fixed  Stars  muft  be  at  leaft  ten  Millions  of  times 
greater  than  our  Sun  :  Since  therefore  there  is  fuch 
enormous  difference  in  their  bignefs,  it  cannot 
be  fuppofed  that  the  Sun  and  fixed  Stars  are  Bo-  The  fixed 
dies  of  th(j  fame  kind.  Stars  have 

BUT  they  who  aferibe  fuch  immenfe  Magni-  Diameters* 
tude  to  the  fixed  Stars ,  are  much  deceived  in  hutlao^ii(e 
their  Meafures,  for  their  Apparent  Diameters  are  roints‘ 
not  near  fo  great  as  they  luppofe  them  to  be  :  For 
really  thefc  Diameters  are  fo  extreamly  fmall, 
that  if  they  be  rightly  oblerved,  they  appear  like 
lo  many  fhining  Points  without  any  Breadth  or 
Diameter  at  all;  and  there  can  be  no  Obfervations 
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Led:.  IV.  nice  enough,  by  which  the  minutenefs  of  their 
Diameters  can  be  meafured,  or  reduced  to  any 
determined  quantity.  We  obferve  about  all  fla¬ 
ming  and  fliining  Bodies  in  the  Night,  a  kind 
of  irradiation  or  luminous  Appcarence,  by  which 
their  Diameters  are  feen  a  Hundred  or  many 
more  times  bigger  than  they  are ;  as  it  is  plain 
by  the  Experiment  of  a  Candle  placed  at  a 
great  Diftance,  whofe  Flame  feems  to  be  much 
*  larger  than  it  is  when  we  come  near  it.  This 

irradiation  is  much  diminiflied  if  they  are  look¬ 
ed  at  thro*  a  finall  hole  made  with  a  Pin  in  Pa¬ 
per,  but  it  is  eafier  and  more  nicely  taken  away 
when  they  are  feen  thro*  a  Telefcope,  which 
deftroys  the  adventitious  Rays,  and  fhews  us  the 
fixed  Stars  as  fo  many  lucid  Points.  Now  tho* 
Telefcopes  do  encreafe  the  Diameters  of  Bodies 
very  much,  yet  the  fixed  Stars  feen  thro*  them 
appear  Bill  fo  lmall,  that  we  have  no  meafure 
of  any  determined  Magnitude  but  what  is  great¬ 
er  than  theirs  feem  to  be-  a  Telefcope  magni¬ 
fying  a  Hundercd  times  fhews  them  only  like 
.  fliining  Points  ;  and  therefore  I  cannot  but  won- 
demonftra-*  de r  why  fiiceiolus  Aiould  fuppofe  the  Apparent 
ted  by  tbe  Diameter  of  the  Dog-Star  or  Sirius  to  be  18 
Telefcope.  5econcjs  .  for  if  that  were  the  Angle  he  fubtended 
to  the  naked  Eye,  a  Telelcope  which  Magnifies 
200  times,  would  fhew  that  Star  under  an  Angle  of 
3600  Seconds  or  one  Degree,  fo  that  he  would 
appear  to  have  a  Disk  four  times  greater  than 
the  Sun  and  Moon  have  :  And  yet  Obfervation 
teftifies  that  fuch  a  Telefcope  fliews  us  Sirius  no 
bigger  than  a  Point,  at  leaft  not  larger  than  the 
Planet  Mars :  But  Mars,  when  he  is  neared:  us 
and  biggeft,  fubtends  an  Angle  of  about  30  Se¬ 
conds  ;  therefore  if  the  Diameter  of  Sirius  mag¬ 
nified  200  times  is  but  30  Seconds,  its  Apparent 
Diameter  without  magnifying  will  be  the  200th 
part  of  30  Seconds,  or  of  a  Second,  that  is 
nine  Third  Scruples  or  Minutes,  or  nearly  equal 
to  the  Sun  when  it  is  feen  at  the  Diftance  of 
the  fixed  Stars ,  as  we  fhewed  before:  The 
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Snu  therefore  and  Sirius  are  nearly  of  the  fame  LedL  IV. 
Magnitude  and  Dimcnlions,  and  may  be  efteem*- 
cd  Bodies  of  the  fame  kind. 

SINCE  the  fixed  Stars  appear  fo  fmall,  and 
fubtend  at  the  Eye  fuch  unperceiVeable  Angles, 
feme  will  wonder  how  they  come  to  be  at  all  feen, 
iince  there  are  Bodies  which  would  fliow  them- 
ielvfcs  under  larger  Angles  that  are  yet  fo  fmall, 
as  not  to  be  looked  at  without  a  Microfcope : 

But  all  flaming  and  fiery  Bodies  can  be  feen  at 
great  Diftances,  even  at  fuch  from  whence  other 
Bodies  which  have  as  large  apparent  Diameters 
do  quite  difappear,  and  become  Invifible.  Thus 
the  Flame  of  a  Candle  in  the  Night  time  is  eafi- 
ly  perceived  at  the  diftance  of  two  Miles,  where¬ 
as  in  the  Day  time  an  opake  Objedt,  tho’  ftrongly 
illuftrated  by  the  Sun ,  and  fix  times  bigger  than 
the  Flame  of  a  Candle,  is  not  to  be  obferved 
with  the  naked  Eye  at  that  Diftance.  For  the 
native  Light  that  thefe  fiery  and  flaming  Bodies 
fend  forth,  is  ftronger  and  more  peircing,  and  adls 
upon  the  nervous  Fibres  of  the  Retina  with  a  great¬ 
er  Force,  than  rhe  .Light  refledted  from  opake  Ob¬ 
jects  ;  for  all  Light  is  much  weakened  by  Refle- 
dfion.  And  it  is  upon  the  -account  of  this  brisk 
and  ftrong  Light  which  flows  from  fiery  Bodies, 
and  which  makes  fo  fenfible  Impreflions  on  the 
Retina,  that  fuch  Bodies  are  judged  to  be  fo  big 
in  companion  of  others  which  aftedt  us  with  a 
weaker  Light. 

HENCE  it  is  evident  that  all  thefe  Stars  fbe  fixed 
which  remain  immoveable  in  the  Heavens  are  Stars  are 
Bodies  of  a  fiery  nature,  as  our  Sun  is,  nor  ai*e  YryBoiies 
they  much  lefis,  nor  much  bigger  than  he  is,  and 
therefore  are  to  be  efteemed  as  fo  many  Suns.  It 
is  not  to  be  imagined  that  all  thefe  Suns  are  plant¬ 
ed  in  one  concave  vSurface  of  a  Spherd,  fo  as  to 
be  all  equally  diftant  from  us;  but  it  is  more 
reafonable  to  fuppofe  that  they  are  fpread  every  Tbc  fixed 
where  thro’  the  vaft  Indefinite  fpacc  of  the  Uni-  ^rs  are 
verfe,  and  that  they  are  at  great  Diftances  from 
one  another;  fo  that  there  may  be  as  great  Diftance 
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LedL  IV.  between  any  two  Suns  that  are  next  to  one  anf 
other,  as  there  is  between  our  Sun  and  the  neareft 
fixed  Star.  Hence  a  Spectator  who  is  near  any  one 
Sun ,  will  only  look  upon  him  to  whom  he  is  near- 
eft  as  a  real  Sun,  and  the  reft  he  will  conlider 
as  fo  many  fmali  Alining  Stars  fixed  in  his  Hea¬ 
ven  or  Firmament. 

I T  is  no  ways  probable  that  GOD  Almighty 
who  always  adls  with  infinite  Wifdom,  and  does 
nothing  in  vain,  fliould  create  fo  many  Suns,  and, 
place  them  alone  in  indefinite  Space,  at  fuch 
great  Diftances  from  each  other,  and  not  have 
made  other  Bodies,  which  he  has  placed  near 
them,  to  be  nourifhed,  animated  and  refreflied 
with  the  Heat  and  Light  of  thefe  Suns :  Thofe 
who  affirm  that  GOD  created  thefe  great  Bodies 
only  to  give  us  a  fmali  dim  Light,  muft  have  a 
very  mean  Opinion  of  the  Divine  Wifdom.  Xe 
is  more  reafonable  to  fuppofe  that  every  Sun  is 
furrounded  with  a  company  of  Planets,  peculiar 
to  himfelf,  which  in  different  Periods,  and  at  dif¬ 
ferent  Diftances,  perform  their  Circulations  round 
their  proper  Sun  •  and  who  knows  but  that  fome 
of  thefe  Planets  may  have  Moons ,  and  other  Bo¬ 
dies  to  attend  them  in  their  Circulations  ? 

AeVnt  HENCE  we  may  frame  to  our  felves  an  ad- 
verfe*-  ”  citable  Magnificent  Idea  or  Notion  of  the  vaft- 
nefs  or  Amplitude  of  the  World,  by  imagining 
an  Indefinitely  great  Space  of  the  Univerfe  in 
which  there  are  placed  innumerable  Suns,  which 
tho’  they  appear  to  us  like  fo  many  fmali  Stars,  yet 
are  Bodies  which  are  not  behind  our  Sun  either 
in  Bignefs,  Light,  or  Glory  j  and  each  of  them 
conftantly  attended  with  a  number  of  Planets , 
which  dance  round  him,  and  conftitute  fo  many 
particular  Worlds  or  Syftems :  Every  Sun  doing 
the  fame  Office  to  his  proper  Planets  in  iiluftrat- 
ing,  warming,  and  cherifhing  them,  that  our 
Sun  performs  in  the  Syftem  to  which  we  belong. 

HENCE  we  are  to  confider  the  whole  Uni¬ 
verfe  as  a  glorious  Palace  for  an  infinitely  Great 
and  every-where-prefent  GODj  and  that  all 
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the  Worlds  or  Syftem  of  Worlds ,  are  as  fo  Led:.  V. 
many  Theater?,  in  which  he  difplays  his  Di- 
vine  Power,  Wifdom  and  Goodnels. 


LECTURE  V. 


Of  the  Solar  Spots .  Of  the  Rotation 

of  the  Sun  and  Planets  round  their 
Axes :  And  of  the  fixed  Stars. 


PON  the  account  of  the  great  r^e  f0”' 
Diftance  of  the  Sun  from  us,  the  \ ffyfnd  " 
convexity  of  his  Body  cannot  be  Moon  can- 
perceived  by  our  fight;  nor  is  notfA 
this  a  wonder,  fince  the  Moon  our  Eyes. 
which  is  much  nearer  to  us  can¬ 
not  be  feen  as  a  globular  Body  : 

But  both  Sun  and  Moon  fliew  themfelves  to  us  as 
if  they  were  circular  Planes,  which  we  call 
Disks:  And  a  Point  in  the  middle,  which  is  real¬ 
ly  in  the  Surface,  is  faid  to  be  the  Center,  or 
the  Apparent  Center  of  the  Disk. 

I  F  the  Sun  thro’  all  its  Parts  were  every  where 
equally  bright,  and  fliined  with  the  lame  Luftre, 
he  might  turn  round  his  own  Axis ,  and  that  Ro¬ 
tation  no  ways  be  perceptible,  nor  to  be  dis¬ 
covered  by  our  Senfes.  But  fince  in  the  mofl 
clear  and  lucid  Body  of  the  Sun ,  and  in  its  pureft 
Flame,  many  black  Spots  have  feveral  times  been  ,  f 
obferved,  it  is  by  their  Motion  that  we  dilcover  onlbc  Sun’s 
the  Rotation  of  the  Sun  round  his  Axis  :  For  Body.. 
thefe  Spots  have  been  oblerved  to  have  firft  ap¬ 
peared  near  the  Margin  of  the  Sun ,  and  then 
by  degrees  to  have  crept  towards  the  middle,  or 
Center  of  his  Disk;  and  from  thence  going  ftill 
forward  have  arrived  at  the  oppofite  fide  or  edge 
of  the  Disk,  where  they  have  Set  or  difappeared  ; 
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Led.  V.  and  fome  of  them  after  fetting,  being  hid  or  ab- 
fconded  in  the  oppofite  fide  of  the  Sun  for  the 
fpace  of  about  fourteen  Days,  have  again  appear¬ 
ed  in  the  Margin,  and  fhewed  themfeives,  taking 
the  fame  Courle  as  before.  Let  the  Circle 
Plate  II.  A G  H  D  reprefent  the  Suns  Disk,  we  often  ob~ 
flg*  4*  ferve  fome  denle  and  obfcure  Subftances,  like 
our  thick  and  Terreftial  Clouds,  to  appear  in  the 
Limb  or  edge  at  A,  which  by  degrees  move  to¬ 
wards  B,  and  at  laft  arrive  at  the  middle  of  the 
Disk ;  after  which  ftill  going  forward,  they  fiiew 
themfeives  in  the  oppofite  Point  of  the  Circum¬ 
ference  at  D  ;  where  after  a  little  ftay,  they  at 
3aft  vanifh  and  difappear. 

SOME  of  thefe  Spots  have  been  obferved  to 
Rife  in  the  Limb,  and  having  traverfed  the  Disk 
and  Set,  after  the  fpace  of  twenty  feven  Days, 
have  again  been  feen  to  Rife  where  they  fifft 
appeared ;  and  the  time  they  take  to  move  thro* 
the  Surface  of  the  Sun  oppofite  to  us,  during 
which  time  they  are  invifiblc,  is  juft  equal  to  the 
time  in  which  they  pafs  over  the  vifible  Disk. 
The  Motion  of  thefe  Spots  in  the  Margin,  at  A 
or  at  D,  appears  to  be  flow  ;  when  they  come  to¬ 
wards  the  middle  they  feem  to  move  quicker, 
and  to  defcribe  larger  Spaces  ;  their  Figures  like- 
wife  change,  for  in  the  Limb  they  are  feen  more 
contracted  and  narrow,  near  the  Center  they 
The  sun  l°°k  broader  and  larger;  thefe  Appearances  ex- 
turns  round  aCUy  anfwer  to  the  Motion  of  fome  denfe  and 
ks  Axis.  fiark  Bodies,  which  Swim  upon  the  Surface  of 
the  Sun ,  and  are  whirled  by  the  vertiginous  Mo¬ 
tion  of  the  Sun  round  his  Axis. 

SOME  have  imagined  that  thefe  Spots  do 
not  ftick  upon  the  Body  of  the  Sun ,  but  that  they 
are  at  fome  Diftance  from  him,  and  that  they 
perform  their  Circulations  round  the  Sun  in  the 
lame  manner  as  Jupiter's  Satellites  Circulate  round 
Jupiter  :  But  fuch  are  eafily  refuted,  for  if  the 
Spots  were  not  on  the  Body  of  the  Sun ,  but  made 
their  Circuits  at  a  Diftance  from  him ,  they 
eould  not  be  feen  half  the  time  of  their  Period 

iq 
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in  the  Body  of  the  Sun;  for  fuppole  the  Sun  in  Le6L  V; 
A  be  feen  from  the  Earth  at  B,  under  an  Angle 
pf  30  Minutes :  If  the  Spot  were  not  on  the  Sun  s 
Body,  but  defcribed  the  Circle  F  £  G  at  fome 
Diftance  from  him;  it  could  notbeobferved  topafs 
under  the  Sun  ’till  it  came  to  E,  where  the  right 
Line  B  D  touching  the  Disk  does  cut  the  Orbit; 
and  if  we  draw  another  Tangent  to  the  Disk 
BGC,  it  would  only  be  feen  on  the  Surface  of  The  Spots 
the  Sunt  while  it  defcribed  the  Arch  E  G,  wEich  Surface  'of 
is  much  lefs  than  half  the  Periphery,  and  is  the  Sun* 
defcribed  in  much  lefs  time  than  half  the  Period, 
in  which  the  Spot  performs  its  Circuit.  Now  we 
know  by  Obfervation  that  thole  Spots  which 
tinifli  an  intire  Circulation  (for  fome  of  them 
have  been  obferved  to  make  four  or  five  compleat 
Revolutions  before  they  were  diffolved,  each  of 
which  w'as  27  Days)  have  taken  13^  Days  from  the 
time  of  their  appearing,  or  riling  on  the  Eaftern 
Limb,  to  their  Setting  on  the  W'ejlern:  And  there¬ 
fore  lince  the  Spots  are  feen  for  half  the  time  of 
their  Period  upon  the  Body  of  the  Sun ,  it  is 
plain  their  Orbits  muft  lye  on  the  Sun  s  Surface. 

MANY  Spots  feem  to  be  generated  in  the  spots  ge- 
very  middle  of  the  Disk,  where  they  firft  begin  ^be%e0dy  of 
to  appear:  Others  again  feem  to  be  diffolved  and  the  sun,  and 
to  vanifh  there;  fometimes  feveral  fmall  ones  dijfol- 
gather  together  and  make  a  large  Spot,  and  fome-  ved  or  d up¬ 
times  a  large  Spot  is  leen  to  be  divided,  and  cur  into  pated. 
many  leffer  ones.  The  Great  Italian  Philolopher 
Galileus,  firft  dilcovered  them  with  his  Telefcope. 
Afterwards  Scheinerus  did  more  accurately  obferve 
them,  who  has  publifhed  a  large  Volume  about 
them.  When  he  obferved  them,  there  were  then 
50  vifible  in  the  Sun :  From  the  Year  1650  to  the 
Year  1670,  there  was  rarely  feen  above  one  or 
two  together ;  from  that  time  again  many  have 
been  obferved  together ;  nor  does  there  feem  to 
be  any  certain  Period  of  Time,  or  Law  for  their 
appearing,  and  vanifhing  or  diffolution. 


HISTO 
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Le<5L  V.  HISTORIANS  tell  us  that  the  Sun  has 
been  obferved  for  a  whole  Year  to  have  appeared 
bas°2j'ome-  without  that  Luflre  and  brightnefs  it  ufuaf. 

times  ap-  ly  gives;  and  that  it  hath  not  imparted  its  Heat 
r£d  and  Light  with  the  fame  Force  and  vigour  that 
together™1" i*  ordinarily  does.  It  is  probable  that  this  weak- 
nefs  of  Light  did  arifc  from  a  great  multitude  of 
Spots  which  at  that  time  did  befet  the  Sun,  and 
covered  a  large  Portion  of  his  Surface :  For 
now  we  frequently  obferve  Spots  which  are  lar¬ 
ger  or  broader,  not  only  than  Europe  or  Africl^ 
but  what  even  equal,  if  they  do  not  exceed,  the 
Surface  of  the  whole  Terraqueous  Globe. 

THE  Motion  of  the  Spots  is  from  the  TEefi 
to  the  Eaft ,  and  by  observing  the  Sun  nicely,  we 
find  that  its  Axis  is  not  Perpendicular  to  the  Plane 
.  of  the  Earth's  Orbit,  which  is  called  the  Plane 
of  the  Ecliptic G  But  it  is  inclined  fo,  as  to 
eftbe  Sun  is  ma^e  an  Angle  with  the  Axis  of  the  Orbit, 
inclined  to  or  with  a  Perpendicular  to  the  Plane  of  the  Gr- 
the  Plane  of  bit  which  palfes  thro’  the  Center  of  the  Sun , 
tick.  CiIp"  which  Angle  is  in  quantity  about  feven  Degrees  ; 

And  therefore  the  ^Equator  of  the  Sun ,  that  is  to 
fay,  the  Circle  which  is  in  the  middle  between 
the  two  Poles,  cuts  the  Plane  of  the  Orbit  in 
a  right  Line,  which  Line  produced  will  interfedf 
the  Orbit  in  two  Points  ;  and  whenever  the  Earth 
comes  to  thefe  two  Interfedfions,  the  T rafts  which 
the  Spots  defcribe  will  appear  as  right  Lines, 
fince  the  Eye  of  the  Spectator  is  in  the  Plane  of 
their  Motion  :  But  in  all  other  Politions  of  the 
Earth ,  the  Plane  of  the  Sun  s  ^Equator  is  either 
above  or  below  the  Eye  of  the  Spectator,  and 
the  Lines  in  which  the  Spots  are  feen  to  move, 
appear  crooked  and  feem  to  be  Ellipfcs. 

SINCE  the  molt  bright  Body  of  the  Sun 
i$  not  without  its  Spots  and  blemifhes,  we  are 
not  to  imagine  that  the  Planets  are  clear,  and 
The  Pla:  without  their  Stains  and  Marks.  Jupiter ,  Mar.s, 
lateHpois. an(*  Venus,  when  looked  at  thro’  a  Telefcope, 

*  have  feveral  very  remarkable  ones ;  and  it  is  by  their 
Motions  that  we  conclude  the  Rotation  of  the 
'  .  Planet$ 
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Planet:  round  their  Axes,  after  the  fame  manner,  Le6L  V. 
and  by  the  fame  Argument,  that  we  proved  the 
Rotation  of  the  Sun .  The  Body  of  Venus  per-  roJ^eft tbeir 
forms  its  Revolution  round  its  Axis  in  the  fpace  of  Axes. 

23  Hours.  Mars  finifheshis  Rotation  in  24  Hours 
and  40  Minutes.  The  Earth  in  a  Day,  which 
we  collect  from  the  Apparent  Revolution  of  the 
Heavens  and  of  all  the  Stars  round  it  in  that  time. 

All  thefe  Bodies  in  their  Rotations  go  the  fame 
way  from  the  Weft  to  the  Eaft. 

JVPITEI^,  befides  abundance  of  Spots,  has  Jupiter’* 
fome  Bands  or  Girdles  which  furround  him ; 
they  are  Parallel  to  one  another,  but  they  neither 
preferve  the  fame  Magnitude  nor  Diftance  ;  but 
fometimes  they  encreale,  fometimes  they  chminilh 
their  breadth,  fometimes  they  approach  each  o- 
ther,  fometimes  they  recede  from  one  another, 
and  undergo  feveral  Changes.  In  the  Year  1665, 

M.  CaJJini  difcovered  a  very  large  Spot  in  Jupiter's 
Disk,  which  he  obferved  continually  for  the 
fpace  of  two  Years,  and  determined  accurately 
its  Figure  and  Pofition  in  refpetT  to  his  Girdles,  j-fo cyanfm 
but  this  Spot  vanifhed  in  the  Year  1667,  and  es  be  under- 
was  not  again  l'een  ’till  the  Year  1672:  Afterwards  ioes' 
for  the  fpace  of  almoft  three  Years  it  continually 
fhowed  it  felf,  and  then  by  degrees  withdrew 
it  felf  from  our  fight,  and  has  fince  feveral  times 
appeared  and  difappeared.  In  a  Word,  from  the 
Year  1665  when  it  was  firft  obferved,  to  the  Year 
1708,  it  has  eight  times  appeared  and  vanifiied. 

By  its  Revolutions  we  conclude,  that  the  Body 
of  Jupiter  moves  round  his  Axis  in  the  compafs 
of  nine  Hours  and  56  Minutes. 

I  T  is  probable  that  our  Earth  enjoys  a  more 
constant  and  fettled  State  and  condition  than  Ju¬ 
piter  ;  for  we  obferve  greater  Changes  in  his  Sur¬ 
face,  than  what  would  happen  to  the  Earth , 
if  the  Ocean  jfhould  leave  its  Place,  and  over¬ 
whelm  the  Land,  and  give  us  a  new  Place,  and  a 
new  figure  of  the  Sea,  by  changing  the  places 
of  Land  and  Water.  But  this  is  upon  Suppofi- 
tion  that  thefe  Spots  are  inherent  in  the  Body  of 

Jupiter  • 
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Ledt.  V  .Jupiter :  But  if  they  are  only  Clouds  and  Vapours 
fwimming  in  his  Atmofphere,  then  indeed  the  Inha¬ 
bitants  of  Jupiter  would  have  a  more  conftant  and 
permanent  ftate  of  Weather,  than  what  any  part  of 
the  Earth  enjoys :  I  leave  it  to  the  Philofophers 
to  determine  which  of  thefe  two  Opinions  is  the 
moft  probable. 

MEI^CVI^Y  does  always  keep  fo  near  the 
Sun ,  with  fo  great  a  Alining  Luftre  in  all  his 
Parts ;  and  the  Heaven,  while  he  is  feen,  is  fo  much 
Illuminated,  that  there  can  be  no  Obfervations 
made  to  difcover  his  Spots.  And  Saturn  is  fo 
much  further  removed  from  us,  more  than  the 
other  Planets ,  that  his  Spots  are  not  to  be  di- 
fcerned  :  Yet  it  is  probable  that  they,  as  well  as 
the  other  Planets,  have  each  a  Rotation  round  an 
Axis,  that  all  the  Parts  of  their  Surfaces  may 
frequently  have  imparted  to  them  the  Light  and 
cherifhing  heat  of  the  Sun,  and  may  again  be 
withdrawn  from  him,  to  receive  fuch  Changes 
as  are  proper  and  convenient  for  the  Nature  of 
each  Planet . 
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LECTURE  VI. 

Of  the  Magnitude  and  Order  of  the  fixed 
Scars.  Of  the  Conftellacions,  Cata¬ 
logues  of  the  Scars,  and  the  Changes 
to  which  they  are  liable . 

H  E  fixed  Stars  appear  to  be  of  dif¬ 
ferent  bignefles,  not  becaufe  they 
really  are  fo,  but  becaufe  they  are 
not  all  equally  diftant  from  us  ; 
thofe  that  are  neareft  will  excell  in 
Luftre  and  Bignels  ;  the  more  re¬ 
mote  Stars  will  give  a  fainter  Light,  and  appear 
fmaller  to  the  Eye.  Hence  arife  the  diftriburion 
of  Stars,  according  to  their  Order  and  Dignity,  The  dr- 
into  Clajjes ;  the  firft  Clafs  containing  thofe 
which  are  neareft  to  us,  are  called  Stars  of  the  -Vlg  t0  their 
firft  Magnitude  j  thofe  that  are  next  to  them,  are  Magnitude, 
Stars  of  the  iecond  Magnitude  :  The  third  Clafs 
comprehends  them  of  the  third  Magnitude,  and 
fo  forth,  ’till  we  come  to  the  Stars  of  the  fixth 
Magnitude,  which  comprehends  the  Imallcft  stars 
that  can  be  difcerned  with  the  bare  Eye.  For 
all  the  other  Stars  which  are  only  feen  by  the 
help  of  a  Telelcope,  and  which  are  called  Tele- 
fcopical,  are  not  reckoned  among  thefe  fix  Orders.. 

Altho’  the  diftinftion  of  Stars  into  fix  degrees  of 
Magnitude,  is  commonly  received  by  Aftronomers  - 
yet  wc  are  not  to  judge  that  every  particular 
Star  is  exatftly  to  be  ranked  according  to  a  certain 
bignels,  which  is  one  of  the  Six  ;  but  rather  in 
reality  there  are  almoft  as  many  Orders  of  Stars, 
as  there  are  stars ,  few  of  them  being  exadtly  of 
the  fame  Bignefs  and  Luftre.  And  even  among 
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Led:.  IV.  thofe  Stars  which  are  reckoned  of  the  brighteft 
Clafs,  there  appears  a  variety  of  Magnitude,  fof 
Sirius  or  ArHurus  are  each  of  them  brighter  than 
Aldebaran  or  the  Bull's  Eye,  or  even  than  the 
Star  in  Spica  ;  and  yet  all  thefe  Stars  are  reckoned 
among  the  Stars  of  the  firft  Order:  And  there 
are  forne  Stars  of  fuch  an  intermedial  Order, 
that  the  Aftronomers  have  differed  in  Claffmg  of 
them  y  fome  purring  the  fame  Stars  in  one  Clafs, 
others  in  another.  For  Example  :  The  little  Dog 
was  by  Tycho  placed  among  the  Stars  of  the 
fecond  Magnitude,  which  Ptolemy  reckoned  a- 
mong  the  Stars  of  the  firft  Clafs  :  And  therefore 
it  is  not  truly  either  of  the  firft  or  fecond  Or¬ 
der,  but  ought  to  be  ranked  in  a  Place  between 
both. 

ASTRONOMERS  not  only  mark  out  the 
Stars ,  but  that  they  may  better  bring  them  into 
Order,  they  diftinguifli  them  by  their  Situation 
aqfl  Pofition  in  refped:  to  each  other ;  and  there¬ 
fore  they  diftribute  and  divide  them  into  Afleri - 
The  Con -fms  or  Conflellations,  allowing  feveral  Stars  to 
ftelladons.  make  .up  one  Conflellation  :  A  Conjlellation  is  a 
Syftem  of  feveral  Stars  that  are  feen  in  the  Hea¬ 
vens  near  to  one  another :  And  for  the  better 
diftinguifhing  and  obferving  them,  they  reduce 
the  Conflellations  to  the  Forms  of  certain  Animals, 
as  Men,  Bulls ,  and  Bears,  &c.  or  to  the  Images 
of  fome  things  known,  as  of  a  Croftn,  a  Harp, 
a  Ballance ,  &c.  The  Antients  took  thefe 

Figures,  from  the  Fables  of  their  Religion  :  And 
the  Modern  Aftronomers  do  ftill  retain  them,  that 
they  may  avoid  the  Confufion  which  would  arife 
by  making  new  ones,  which  would  much  per¬ 
plex  them,  when  they  compared  the  Modern  Ob¬ 
servations  with  the  Old  ones. 

Their  An-  THE  Divifion  of  the  stars  by  Images  and 
uquity.  Figures  is  of  great  Antiquity,  and  feems  to  be 
as  old  as  Ajlronomy ,  or  Philofophy  its  felf :  For 
in  the  moft  Antient  Book  of  Job,  Orion ,  Arfturus, 
and  the  Pleiades,  are  mentioned  ;  and  we  meet 
with  the  Names  of  many  of  the  Conflellations  in 
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the  Writings  of  the  firft  Poets,  Homer  and  Hejiod.  LeCt.  VI 
For  it  was  nccefiary  for  the  Advancement  of  l/YN/ 
Afronomy  fo  to  diftinguifii  the  Stars ,  and  to  bring 
them  into  fome  Order. 

SINCE  the  Diftance  of  the  Stars  is  immeni-  The  fame 
ly  great,  it  is  no  matter  in  what  Place  of  our^rr  Fir- 
Syftem  the  Obferver  refid es,  whether  in  the  Sun,  mament  i * 
in  the  Earth ,  or  even  in  Saturn ,  the  outmoft  of  observed 
all  the  Planets ;  for  Spectators  in  each  of  thofe 
Places  will  fee  the  fame  Face  of  the  Heavens, 
the  fame  Stars ,  with  the  fame  Magnitude,  and 
the  fame  Figure  of  the  Conftellations,  and  the 
Heavens  which  furrounds  and  involves  them  all, 
will  have  the  fame  Face. 

AST  R  O  NOME  RS  divide  the  starry  Eirma -  The  Regi¬ 
ment  into  three  Regions,  the  middle  of  which  com- 
prehends  thofe  Stars  which  have  their  Situation 
near  the  Pianes  of  the  Orbits  in  which  the  Pla¬ 
nets  move  ;  this  Part  of  Heaven  they  call  the 
Z^odiacl^,  becaufe  the  Conftellations  there  placed, 
feemed  for  the  moft  part  to  reprefent  fome  Ani¬ 
mal  or  living  Creature.  In  this  Space  the  Pla¬ 
nets  are  always  to  be  feen,  and  none  of  them  ever 
rranfgrefs  its  Bounds:  Upon  each  fide  of  this 
Z^one  lye  the  other  two  Regions  of  the  Heavens, 
one  of  which  is  called  the  North ,  and  the  other 
the  south  part  of  the  Heavens. 

THE  Antients  divided  the  vifible  Firmament  7 be  ima - 
into  XLVIII  Images,  twelve  of  which  filled  the 
Z^odiacl^  and  they  give  their  Names  to  the  twelve  eats  are 
Signs,  or  the  Portions  into  which  it  is  divided. 

Their  Names  are  the  Bam,  the  Bull,  the  Twins , 
the  Crab,  the  Lyon ,  the  Virgin ,  the  Bailance,  the 
scorpion ,  the  Archer ,  the  Goat ,  the  Water-Bearer, 
and  the  Fi floes. 

I  N  the  Northern  Region  there  are  XXI  Ima¬ 
ges,  vi the  Lejfer  Bear ,  the  Great  Bear ,  the 
Dragon ,  Cepheus ,  Bootes,  the  Northern  Crown,  Her¬ 
cules,  the  Harp ,  the  Swan,  CaJJiopeia,  Perfeus,  An¬ 
dromeda,  the  Triangle,  Auriga,  Pcgafus  or  the 
Flying-Horfc,  Equulcus,  the  Dolphin ,  the  Arrow, 
the  Eagle,  Serpentarius,  and  the  Serpent  ;  Alter- 
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Led:.  VI.  wards  they  added  to  them  two  others,  that 
of  Antinous ,  which  was  made  of  the  Star s  that 
are  not  included  within  any  Image,  and  are  near 
the  Eagle  :  And  the  Conftellation  called  Berenice's 
Hair,  confifting  of  Stars  which  are  near  the 
Lyons  Tail. 

UPON  the  South  fide  of  the  Xpdiack^  there 
are  fifteen  Afierif?ns ,  which  were  known  to  the 
Antients,  vi%.  the  Whale,  the  River  Eridanus,  the 
Hare,  Orion,  the  Great  Dog,  the  Leffer  Dog,  the 
Ship  Argo ,  Hydra,  the  Cup,  the  Crow,  the  Centaur ? 
the  Wolf,  the  Altar,  the  Southern  Crown,  and  the 
Southern  Fiflo :  To  thefe  are  lately  added  XII 
more  Conftellations,  which  are  not  to  be  feen 
by  us  who  Inhabit  the  Northern  Regions,  becaufe 
of  the  Convexity  of  the  Earth  ;  but  in  the  Southern 
Parts  they  are  very  confpicuous.  Thefe  are  the 
Phoenix,  the  Crane ,  the  Peacock, [,  the  Indian,  the 
Bird  of  Paradife,  the  southern  Triangle,  the  Fly,  the 
Chameleon,  the  Flying  Fifh,  the  Toucan  or  Ameri¬ 
can  Goofe,  Hydrus  or  Water  Serpent,  Xiphias  or 
the  Sword  Fife. 


The  Stars 
without 
Forms. 


The  Mil¬ 
ky- way. 


WITHOUT  the  Compafs  of  the  Conftel¬ 
lations  or  Images,  there  are  feveral  Stars  which 
cannot  be  reduced  to  any  of  the  Forms  mentioned, 
and  thele  are  called  Vnformed  Stars,  out  of  which 
fome  great  Afironomers  have  made  new  Conftella¬ 
tions,  as  Charles  %  Heart,  and  Sobieskf  s  Shield. 

T  FI  E  Galaxy  or  Milkj-way,  is  alfo  to  be 
reckoned  among  the  Conftellations:  This  is  a 
broad  Circle  of  a  whitifh  Hue,  like  Milk  ;  in; 
fome  places  it  is  double,  but  for  the  moft  Part 
it  confifts  of  a  fingle  Path,  and  goes  round  the 
whole  Heavens.  The  Great  Galileus  with  his* 
Teiefcope,  difeovered  that  the  Portion  of  the 
Heavens  which  this  Circle  paffes  thro’,  was  every 
where  filled  wfith  an  infinite  multitude  of  ex¬ 
ceeding  fmall  Stars,  which  tho*  they  cannot,  by 
reafon  of  their  Imalnefs,  be  fecn  diftinctly  by  the 
naked  Eye,  yet  with  their  Light  they  all  combine 
to  illuftrate  that  Region  of  the  Heavens  where 
they  are,  and  diffufe  thro’  it  a  fhining  whitenefs. 
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B  Y  the  help  of  Images,  the  Antient  Aftrono-  Le.dt  VI.' 
mcrs  have  been  able  to  diftinguiih,  and  mark  out 
the  Stars  of  the  Firmament,  and  with  great 
Care  and  Induitry  rhey  have  digefted  them  in¬ 
to  Catalogues,  which  they  have  delivered  down 
to  Pofterity.  Thefe  Catalogues  have  been  much 
increafed  and  Corrected  by  our  Modern  Aftrono - 
mers ,  and  now  they  not  only  comprehend  the 
Stars  viiible  by  the  naked  Eye,  but  alfo  many 
that  are  noc  to  be  obferved  or  feen  without  a 
Telelcope. 

PI  IP  PARC  PI  VS  the  Rjjodian  about  120  Hippar- 
Years  before  the  Birth  of  Chrift ,  was  the  Firft  a-chus  fir/t 
mong  the-  Greeks  who  reduced  the  Stars  into  a  ^alo^ueof 
Catalogue.  Daring,  according  to  Pliny,  to  under-  the  stars. 
tage  a  Thing ,  which  feemed  to  furpafs  the  Power 
of  a  Divinity ,  that  is  to  Number  the  Stars  for  Po¬ 
fterity,  and  reduce  them  to  fide  ;  having  contrived 
Jnjhumcnts  by  which  he  marked  the  Place  and  Mag¬ 
nitude  of  each  Star.  So  that  by  this  Means  we 
can  eafily  difcover,  not  only  whither  any  of  the 
Stars  per  if: ,  and  others  grow  up  ;  but  alfo  whither 
they  move ,  and  what  is  their  Courfe ,  and  alfo  if 
they  grow  bigger ,  or  wax  lefs  ;  by  which  means  he 
has  given  to  Pofterity  the  PoJJeJfion  of  the  Heavens , 
if  any  of  them  have  Subtilty  enough  to  Comprehend 
them. 

PI  I  P  P  A  R  C  HV  S  from  his  own  proper  Ob- 
fervacions,  and  thofe  of  the  Antient  Aftronomers 
who  lived  before  him,  inferred  into  his  Cata¬ 
logue  1022  Stars,  and  annexed  to  each  of  them 
their  proper  Longitude,  and  Latitude,  which 
they  had  at  that  time.  Ptolemy  enlarged  Hippar¬ 
chus's  Catalogue  only  with  four  Stars ,  numbring 
1026.  And  after  Ptolemy ,  Vlug  Beighi ,  the  Grand- 
fon  of  the  Great  Tamer  lain ,  obferved  again  the  n€w  cata - 
Stars ,  and  reduced  1017  of  them  into  a  Cara  -  ioguc. 

Jogue.  In  the  1 6th  Century,  and  that  which 
followed,  Aflronomy  was  courted  by  many  Ad¬ 
mirers  and  Suiters  ;  among  whom  we  may  chief¬ 
ly  reckon  Regiomontanus ,  and  Copernicus .  But 

j  the  Noble  Danifh  Aftronomer  Tycho  Brahe ,  in  a- 
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Led:. VI. doming  and  perfecting  this  Science,  did  faf 
furpafs  the  Labours  of  all  that  went  before  him  ; 
who  procured  very  large  and  exquilitely  well  con¬ 
trived  Inftruments  for  obferving  the  Heavens, 
and  particularly  he  determined  the  Places  of  777 
fixed  Stars ,  and  reduced  them  into  a  Catalogue, 
their  Places  being  all  Calculated  from  his  own 
proper  Obfervations.  Kepler  indeed  in  his  Byi- 
dolphin  Tables  gives  us  a  Catalogue  of  the  Stars , 
he  calls  Tychonic l^y  in  which  he  has  put  down 
11 63  Stars ;  but  all  of  them  except  the  777  ob-  1 
ferved  by  Tycho,  were  taken  partly  from  Ptolemy,  \ 
and  partly  from  other  Authors.  For  Tycho  in  his  i 
own  Catalogue  fets  down  no  Star  which  he  had 
not  obferved  himfelf,  by  his  own  Inftruments, 
and  Calculated  the  Place  from  his  proper  Obfer¬ 
vations. 

The  Prince  ABOUT  the  fame  Time  with  Tycho  lived  j 
He  is.  fj/idiam  Prince  of  Hefs,  who  likewife  obferved 

the  Stars :  He  had  two  Mathematicians  to  aftift 
him.  By) thm annus  and  By r gins,  with  whom,  by  I 
thirty  Years  continued  Labour,  he  computed  the  ] 
Places  of  400  Stars  all  founded  on  their  own  Ob¬ 
fervations,  and  interred  them  in  a  Catalogue. 

Ricciolus.  THE  Jefuite  Bycciolus  inriched  the  Catalogue 
of  Kep^er  with  305  Stars ,  by  which  means  their  j 
Number  was  increafed  to  14685  but  this  Cata¬ 
logue  was  not  founded  on  his  own  Obfervations,  j 
for  he  and  his  Companion  Grimaldi ,  did  not 
’takefthe  Places  of  above  101  Stars  with  their 
'  ojfii-h  Inftruments  5  and  he  took  all  the  reft  from 
Tycho,  Kfpltr,  and  other  Authors :  But  it  is  Sur¬ 
prizing  that  Bjcciolus  fhould  infert  in  his  Cata¬ 
logue  Several  Stars  which  were  plainly  vifible  in 
Tycho's  time,  and  duly  obferved  by  him,  but  which 
i'd  KicAoli  s  Days  had  vanilhed,  and  were  not 
to  be  feen  ;  and  yet  they  are  preferved  in  his  5 
Catalogue,  as  if  he  himfelf  had  then  obferved  them,  i 
B  A  if  T  S  C  HI  ZJ  S  in  his  Book  about  the  four 
Foot  Globe  Pubiifhed  at  Strashurgh  in  1635  in 
4 to,  tells  us  that  Bayerus  had  defcribed  in  his 
Vranometria  the  Places  of  1725  Stars,  and  he 

alfo 
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alfo  boafts  that  he  himfelf  had  painted  in  his  Led:.  VI. 
Globe  1762  Stars,  but  he  does  not  tell  us  by  whom, 
or  in  what  Year,  they  were  obferved. 

THE  Stars  near  the  Antarctic^  Pole,  not  to  be 
feen  in  our  Climate,  were  firft  accurately  ob¬ 
ferved  by  my  Collegue  Dr.  Edmund  Halley,  who 
being  animated  with  a  great  Love  of  this  Siderial  obferved  the 
Science,  undertook  a  long,  and  no  lefs  dangerous  Southern 
Voyage  to  the  Ifland  of  St.  Helena,  that  he 
might  there  take  the  Polition  of  the  Stars  which  are 
within  the  AntarHicl 1  Circle ;  and  he  Publifhed  a 
Catalogue  of  373  of  them,  whofe  Places  he  adap¬ 
ted  to  the  end  of  the  Year  1677. 

THE  illuftrious  John  Hevelius  of  Dant^ig,  Hevelius. 
a  Man  of  prodigious  Induftry,  and  unwearied 
Diligence,  being  well  furniftied  with  very  exad 
Inftruments,  and  with  all  the  Tools  that  are  proper 
!  for  an  Aflronomer ,  did  again  aftault  the  Stars 
|  with  his  Inftruments,  and  computed  the  Places 
of  1553  of  them  from  his  own  proper  Obferva- 
tions,  and  fo  he  compofed  a  new  Catalogue 
which  contained  1888,  vi\.  950  known  to  the 
1  Antients,  and  which  were  to  be  feen  at  Dantrflg  ; 

!  603  new  ones  which  no  one  before  had  ever 
rightly  obferved,  and  to  them  he  joined  335  o- 
thers  round  the  Antarctic ^  Pole,  taken  out  of  Dr. 

Halley  s,  Catalogue  which  lye  always  hid  under 
the  Horizon  of  Dant^ig. 

BUT  the  largeft  and  moft  compleat  Catalogue  Mr.  Flam- 
of  the  Stars,  is  ftiorrly  to  be  expected  from  the  fan 
Labours  of  that  moft  excellent  Obferver  Mr.  John  irmoJt  Cof,lfu6 
Flamfteed ,  late  Royal  Profeffor  of  Aftronomy  at  and  moft  ex- 
Greenwich  ;  the  Number  of  Stars  inferred  in  ih\s^ou^ata' 
Catalogue  reach  to  3000.  And  as  Hevelius  dou- 
bled  by  his  Obfcrvations  the  Number  of  Stars 
obferved  by  Tycho  :  So  our  Britijh  Aflronomer  has 
as  far  outdone  Hevelius ,  having  by  his  Obferva- 
tions  doubled  the  Stars  that  were  obferved  by  him  : 

We  are  fo  much  indebted  to  this  Aflronomer  for 
the  increafeof  the  Knowledge  we  have  of  the  Celcjti- 
al  Bodies,  that  there  is  not  the  leaft  Star  in  the  Hea¬ 
vens  to  be  feen,  whofe  Place  and  Situation  is  not 
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Led:. VI-  better  known,  than  the  Pofition  of  many  Cities 
thro’  which  Travellers  do  daily  pafs.  Nor  is  it 
any  wonder  that  the  Afironomers  fhould  take  fo 
much  Pains,  and  fo  obitinateiy  watch  the  fixed 
Stars ,  to  determine  their  Places  ;  for  without  the 
exad:  feeling  of  their  Portions  and  Places,  they  could 
never  have  found  out  the  ways  of  the  Planets ,  nor 
have  deferibed  their  Orbits:  For  it  is  upon  the 
Obfervations  of  the  fixed  Stars ,  as  upon  immove¬ 
able  Pillars,  that  the  whole  Science  of  Ajirono- 
my  is  ereeded,  and  by  them  it  is  fuftained. 

The  Num-  O  F  the  3000  Stars  inferred  in  Mr.  Flamfieed*s 
her  of  the  Catalogue,  there  are  many  that  cannot  be  feen 
Stars.  without  a  Telefcope,  fo  that  it  is  feldo'm  that 

even  a  very  good  Eye  can  reckon  more  than 
100  together  in  the  Heavens  :  This  will  cer¬ 
tainly  furprife  a  great  many  Perfons,  for  in  the 
Winter,  in  a  clear  Night,  without  Moon-fhine , 
at  firft  light  they  feem  to  be  innumerable.  But 
this  Appearance  is  only  a  deception  of  our  Sight, 
ariling  from  ti^eir  vehement  and  ftrong  Twinkling 
or  Scintillation,  while  we  look  upon  them  con- 
fufedly,  and  without  reducing  them  to  any  Or¬ 
der ;  but  he  who  will  diftindly  view  {hem,  will 
find  not  one  but  what  are  Obferved  by  the  Aftre- 
nomers,  and  inferred  in  their  Catalogues  :  And  if 
any  one  will  take  a  Globe  of  the  larger  fize, 
and  compare  it  with  the  Heavens,  he  will  rare¬ 
ly  find  any  Star  in  the  Heavens,  that  is  not 
marked  upon  the  Surface  of  that  Globe. 

I N  the  mean  time  I  muff:  acknowledge  that  the 
Number  of  the  Stars  is  really  vaftly  great,  and 
almoft  infinite  ;  for  whoever  will  view  the  Stars 
with  a  good  Telefcope,  will  find  every  where  a 
prodigious  Number  of  them  altogether  indifeern- 
able  by  the  naked  Eye,  efpecially  in  the  Milkj- 
way  ;  where  they  are  fo  thick,  that  tho*  they  can¬ 
not  be  feen  feparately,  yet  they  give  that  Region 
of  the  Heavens  where  they  are  placed,  a  Lultre 
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THE  Famous  Dr.  Hool 1  ProfdTor  of  Geometry  Left.  VI. 
in  Grejham  College ,  directing  his  twelve-Foot  Tele- 
fcope  to  the  Pleiades  or  the  feven  Stars,  tho’  there  Many  Stars 
are  now  only  but  iix  to  be  feen  with  the  naked 
Eye,  did  in  that  fmall  compafs  count  78  Stars ;  na^ed  Eye. 
and  making  ufe  of  longer  and  more  perfed:  Tele- 
fcopcs,  he  dilcovered  a  great  many  more  of  very 
different  Magnitudes  :  See  his  Micrography ,  pag. 

241.  Antonins  Maria  dc  Ppita  in  his  Book  which 
he  calls  Radius  Sidereomyfiicu-s ,  pag.  197  affirms, 
that  he  has  numbered  in  the  Engle  Conftellation 
of  Orion  2000  Stars. 

FROM  what  we  have  faid,  in  the  preceding  The  mat- 
Ledure,  it  plainly  appears,  how  fa  He  and  ill 
founded,  was  the  Notions  of  the  Antient  Philo-  corruptible 
fophers ,  who  having  too  favourable  an  Opinion  of 
the  Heavenly  Regions,  granted  them  fome  Privi- 
ledges  without  any  reafonable  ground :  For  they 
affirmed  that  the  Heavens  were  incapable  of  any 
Change,  that  the  Cdeftial  matter  was  of  a  diffe¬ 
rent  kind  from  any  we  have  in  our  Earth ,  and  that 
its  firmnefs  did  far  exceed  that  of  the  molt  du¬ 
rable  Diamond,  for  that  is  ftili  Corruptible  and 
may  be  changed  into  other  forts  of  Matter,  and 
undergo  leveral  Tranfmutations  :  But  the  Form 
of  the  Heavenly  matter,  according  to  them,  is 
permanent  and  Eternal.  Vfe  have  feen  in  the 
Sun  and  Planets  that  there  are  frequently  new  Bodies 
produced  and  generated  ;  others  again  are  corrupt¬ 
ed  and  perifh,  and  the  Faces  of  the  Planets  un¬ 
dergo  many  Changes.  Thofe  Alterations  are  not 
peculiar  to  our  Earth ,  or  our  Planetary  Syftem  ; 
the  Principle  of  Generation  and  Corruption  is 
much  further  diffufed,  it  reaches  even  the  moll 
diftant  fixed  Stars ,  and  all  the  Bodies  of  the  Uni- 
verfe  are  under  its  Dominion  ;  there  is  nothing 
but  our  Mind  and  our  Spiritual  part  that  are 
exempted  from  its  Jurifdidtion  :  For  the  Heaven¬ 
ly  Bodies  as  well  as  the  Terreftrial  are  changeable 
and  perilh.  Several  Stars  which  were  obferved 
by  the  Antients,  are  now  no  more  to  be  feen,  but 
are  deftroyed,  and  we  have  known  fome  new  ones 
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LebL  VL come  in  the  Heavens  unknown  to  them  5  which 
like  wife  in  due  time  will  vanifh,  and  difappear: 
vatvfh  SS-rS  There  ate  alio  fome  Stars  which  for  a  Time  are 
per'ijh,  and  extinguifhed,  and  become  invifible,  but  after  a 
again  ap-  certain  Period  they  realTume  their  former  Luftre. 
^ear'  Of  thefe  Stars  the  moft  remarkable  is  that  which 
is  in  the  Neck  of  the  Whale,  which  for  eight  or 
nine  Months  of  the  Year  withdraws  it  feif  from 
our  Sight,  and  for  the  other  three  or  four  Months 
is  constantly  changing  its  Luftre  and  Bignefs. 
It  is  probable  that  the  greateft  Part  of  the  Sur¬ 
face  of  this  Star  is  covered  with  Spots  and 
dark  Bodies,  ibme  Part  thereof  remaining  lucid  ; 
and  while  it  turns  about  its  Axis,  does  fometimes 
Blow  its  bright  Part,  fometimes  it  turns  its  dark 
fide  to  us :  But  the  very  Spots  themfelves  of  this 
Star  are  liable  to  Changes,  for  it  dees  not  e- 
very  Year  appear  with  the  fame  Luftre ;  fome¬ 
times  it  refembles  a  Star  of  the  fecond  Magnitude, 
in  other  Years  it  can  fcarceiy  be  reckoned  among 
Stars  of  the  third  Order ;  nor  are  the  Times  of 
its  vifiting  us,  always  of  the  fame  duration  ;  for 
in  fome  Years  after  three  Months  it  takes  its 
leave  of  us,  in  others  we  enjoy  its  Light  for  the 
fpace  of  four  Months  ■-  nor  does  its  increafe  or 
decreafe  always  anfwer  the  difference  of  Times. 

MOREOVER  we  are  allured  from  the  Ob- 
ferrations  of  Aftronomers,  that  fome  Stars  have 
been  obferved  which  never  were  before ,  and 
for  a  certain  time  they  have  diftinguifhed  them 
Neve  Stars,  by  their  Superlative  Lujlre  •  but  afterwards  de- 
creafing,  they  by  degrees  vanifhed  and  were  no 
more  to  be  feen.  One  of  thefe  Stars  being  firft 
feen  and  obferved  by  Hipparchus,  the  chief  of  the 
Aftronomers  of  the  Antients,  fet  him  upon  com- 
pofing  a  Catalogue  of  the  fixed  Stars,  that  Pofte- 
rity  might  by  it  learn  whether  any  of  the  Stars 
•perifh,  and  others  are  produced  afrefh. 

AFTER  feveral  Ages,  another  new  Star  ap¬ 
peared  to  Tycho,  and  the  Aftronomers  that  were 
Contemporary  with  him  ;  which  juft  like  the 
new  Star  in  Hipparchus  s  time,  induced  him  like^ 
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wife  to  make  a  new  Catalogue  of  the  fixed  Stars.  Le&. 
This  Star  made  its  Appearance  in  the  Conftella- 
tion  Cajfiopeia ,  and  was  firft  obferved  about  the 
middle  of  November  1571,  and  never  changed 
its  Place  all  the  time  it  was  vifible,  which  was 
for  the  fpace  of  fixteen  Months  :  But  yet  by  de¬ 
grees  it  diminillicd,  and  at  laft  became  invi- 
iible.  Its  Magnitude  exceeded  that  of  Sirius  or 
Lyra ,  which  are  the  brightcft  of  the  fixed  Stars , 
and  even  vied  with  Venus  when  (lie  is  neareit  to 
us :  So  that  fometimes  it  could  be  feen  in  fair 
Day  light,  or  Sun  fhine  ;  but  at  laft  it  continually 
loft  fomething  of  its  Splendor  ’till  it  quite  difap- 
peared,  and  it  has  never  been  feen  fince.  Leovi- 
ciuSy  from  the  Hiftories  of  thofe  Times,  tells  us, 
that  in  the  Time  of  the  Emperor  Otbo ,  about  the 
Year  945,  a  new  Star  appeared  in  CaJfiopeiat 
juft  fuch  a  one  as  was  feen  in  his  Time  in  the 
Year  1572.  And  he  brings  us  another  Antient 
Obfervation,  that  there  was  likcwife  feen  in  the 
Northern  Region  of  the  Heavens,  near  the  Con- 
ftellation  Cajfiopeia ,  in  the  Year  1264,  an  eminent¬ 
ly  bright  Star ,  which  kept  it  felf  in  the  fame 
Place,  and  had  no  proper  Motion.  It  is  probable 
that  thefe  two  Stars  might  have  been  the  fame 
with  that  which  was  feen  by  Tycho ,  and  that  in  a- 
bout  150  Years  the  fame  Star  may  again  make 
its  Appearance. 

IN  the  Year  1600  and  the  following,  Kepler 
obferved  another  new  Star  in  the  Swan’s  Breaft, 
which  remained  viliblc  for  many  Years;  and  in 
Hevcliuss  time  looked  like  a  Star  of  the  third 
Magnitude,  but  at  laft  became  i nvifible  from  the 
Year  1660  ’till  the  Year  1666,  when  it  was  a- 
gain  obferved  by  Hevelius  as  a  Star  of  the  hxth 
Magnitude,  juft  in  the  fame  Place  it  was  at  lirft 
obferved  in  ;  where  it  now  appears. 

W  E  arc  affured  by  the  Catalogues  of  the 
fixed  Stars ,  that  many  Stars  have  been  obferved 
by  the  Antients,  and  fome  even  by  Tycho ,  which 
are  now  become  Invifible,  and  particularly  in  the 
Pleiades  or  feven  Stars ;  there  was  formerly  count¬ 
ed 
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Le&.VI.ed  Seven,  buC  now  we  can  reckon  but  Six,  and 
it  was  in  Ovid's  time,  who  in  his  third  Book 
of  the  Fafiz  has  this  Verfe 

Qux  Jeftem  did ,  fex  tamen  ejje  folent . 

THE  celebrated  Mr.  Montanere ,  Profeffor  of 
'Mathematicltj  of  the  Univerfity  of  Boncnia ,  in  his 
Letter  written  to  the  ROYAL  SOCIETY 
dated  Afrit  30,  1670  has  thefe  Words.  “  There 
“  are  now  wanting  in  the  Heavens  two  Stars  of 
4i  the  fecond  Magnitude,  in  the  Stern  of  the  Ship 
44  Argo ,  and  its  Yard  ;  Bayer  us  marked  them  with 
46  the  Letters  (2  and  y.  I  and  others  obferve4 
46  them  in  the  Year  1664,  upon  the  Occalion  of 
u  the  Comet  that  appeared  that  Year :  When 
41  they  difappeared  firit  1  know  not,  only  I  am 
46  fure,  that  in  the  Year  1668,  upon  the  10th  of 
46  Afrit,  there  was  not  the  lead  glimpfe  of  them 
u  to  be  feen ;  and  yet  the  reft  about  them,  even 
u  of  the  third  and  fourth  Magnitudes,  remained 
u  the  fame.  I  have  obferved  many  more  Changes 
46  among  the  fixed  Stars ,  even  to  the  Number  of  a 
“  Hundred,  tho’  none  of  them  are  fo  great  as  thofe 
“  I  have  fliewed. 

IT  is  no  ways  improbable  that  thefe  Stars  loft 
their  Brightnefs  by  a  prodigious  Number  of 
Spots,  which  intirely  covered  and  as  it  were 
overwhelmed  them.  In  what  difmal  condition 
muft  their  Planets  remain,  who  have  nothing  but 
the  dim  and  twinkling  Rays  of  the  fixed  Stars  to 
enlighten  them. 
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LECTURE  VII. 

Of  the  Motion  of  the  Earth  round  the  San : 

And  a/ jo  about  her  own  Axis,  whereby  the 
Apparent  Motion  of  the  Sun  and  Ilea- 
*vens  are  explained . 

N&*  A  V  I  N  G  taken  a  Curfory  view 
$  &  &  1L  of  the  Univerfe,  and  explained 
H  thoie  Things  which  we  have  dif- 
coverec^  concerning  the  fixed  Stars , 
we  will  now  come  to  confider  more 
V*  &  V  accurately  our  own  Solar  Syftem  ; 
for  our  nftronomy  is  chiefly  concerned  about  the 
Motions  of  the  Bodies  that  are  contained  in  it,  and 
about  the  Appearances  or  Phenomena  that  arife 
from  thofe  Motions. 

AND  firft  it  is  reafonable  that  we  fhould  be- 
gin  from  the  Motion  of  the  Earth ,  which  is  our  Motion 
own  Seat  and  Habitation,  that  is  from  our  ovmoftheb&nh. 
Motion  ;  fince  we  are  to  be  the  Spectators  of  all  the 
Appearances  w'hich  are  here  to  be  explained,  and 
particularly  becaufe  from  our  Motion  arifes 
the  Apparent  Motion  of  the  Sun ,  which  if  not 
firft  known ,  the  Appearances  and  Motions  of 
the  Planets  can  neither  be  explained  or  computed. 

W  E  have  in  the  preceding  Lectures  demon- 
ftratcd  that  the  Sun ,  which  is  by  far  the  biggeft 
and  moft  noble  Body  of  the  Univerfe,  does  pof- 
fefs  himfelf  of  the  Center,  from  whence  he  every  The  Sim 
way  diffufeth  upon  all  th c  Planets  his  enliven-  Ce"pr 
ing  Beams  and  Warmth;  and  that  they  as  it jf}tvu 
were  Dance  round  him  at  different  Diftances 
and  Periods.  The  Earth  which  we  inhabit  is  to 
be  reckoned  as  one  of  them,  w  ho  goes  round  the  The  Earth 
Sun  in  the  fpace  of  a  Year:  and  at  the  fame  tuJni  r0und 
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Ledlure  time  turns  round  her  own  Axis  every  twenty  four 
VII.  Hours.  Now  fince  the  Diftance  of  the  fixed 
Stars  is  immenfly  great*,  in  comparifon  of  the 
Diftance  of  the  Earth  from  the  Sun ,  the  Starry 
Firmament  will  have  the  lame  Face,  and  there 
The  fame  b£  r^e  fame  Situation,  Order,  and  Magni- 
Order  and  tude  of  the  Stars ,  whether  they  be  viewed  from 
Tofiticn  of  the  Sun.  or  from  the  Earth :  But  fince  all  diftanr 
Jeen  from  -Bodies  appear  as  if  they  were  in  the  Heavens, 
the  Sun  and  a  Spectator  in  the  Sun  will  obferve  the  Earth  to 
Earth.  defcribe  a  Circle  in  the  Starry  Firmament;  and 
becaufe  the  Plane  of  the  Earth's  Orbit  pafies 
thro’  the  Sunf  the  Circle  which  the  Earth  defcribes 
will  appear  to  be  a  great  Circle  in  the  Heavens. 

_ The  _ Mo-  LET  S  reprefent  the  Sun,  ABCD  the  Or- 

tnS fien  of  ,the  ^th>  in  which  the  Earth  is  carried 
from  tie  from  the  iVefl  to  the  Eafi  in  the  compafs  of  a 
Year.  A  Spectator  in  S  looking  upon  the  Earth 
at  A,  will  referr  it  to  the  Star  Y,  as  if  it  were 
in  the  fame  point  of  Space  with  that  Star  :  But 
when  the  Earth  is  brought  to  B,  the  Spectator 
in  S  will  fee  the  Earth  in  the  Heavens  juft  by 
the  Star  So  ;  when  the  Earth  is  gone  forward  to 
C,  it  will  be  feen  from  the  Sun  in  ;  and  when 
it  is  come  to  D,  it  will  appear  in  vp  ;  and  when 
it  is  returned  to  A,  having  finifhed  its  Period,  it 
will  be  feen  again  in  Y. 

HENCE  if  the  Plane  of  the  Earth's  Orbit 
be  imagined  extended  to  the  Heavens,  as  far  as 
the  fixed  Stars ,  it  will  cut  the  Starry  Firmament, 
or  the  concave  fpherical  Surface,  in  which  all  the 
Stars  appear,  in  that  very  Circle  in  which  a  Spe¬ 
ctator  in  the  Sun  would  lee  the  Earth  to  revolve 
TfoEclip- every  Year:  This  Circle  is  called  the  Eclip - 
vek  and  its  tickj,  and  is  divided  by  the  Afironomers  into  twelve 
?™2  °Pans  equal  Parts,  which  are  called  Signs ;  each  of 
or  signs,  them  takes  its  Name  from  that  Conftellation, 
which,  at  the  time  the  Names  were  impofed,  was 
fituated  near  the  Portion  of  the  Ecliptic ^  it  de¬ 
nominates.  Thefe  Signs  or  Portions  are  the  Earn 
Y,  the  Bull  the  Twins  3T,  the  Crab  the 
Lyon  Si9  the  Virgin  t%,  the  Ballance  the  Scor - 
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fion  tn,  the  Archer  ?,  the  Goat  ypy  the  Water  Le&ure 
Bearer  £»,  and  the  Fifhes  x«  VIE 

LET  us  now  bring  our  Spectator  from  the 
Sun  to  the  Earth ,  and  let  him  be  carried  by  it  Ti^ 
round  the  Sunt  and  let  us  imagine  that  the  Earth  ylon  0f  the 
is  in  C  :  A  Spectator  fees  the  fame  Face  of  the  sun  feen 
Heavens,  and  the  very  fame  Conftellations,  s 

we  have  faid  he  did  before  while  he  was  in  the 
Sun ;  the  only  difference  will  be,  that  as  before 
he  imagined  the  Earth  in  the  Heavens,  and  the 
Sun  in  the  Center,  he  will  now  fuppofe  the  Sun 
to  be  in  the  Heavens,  and  himielf  with  the  Earth 
in  the  Center,  it  being  really  the  Center  of  his 
own  view.  Therefore  the  Earth  being  in  C,  the 
Spectator  will  fee  the  Sun  at  the  Star  y  ;  and  the 
Spectator  being  carried  along  with  the  Earth ,  and 
participating  of  the  Annual  Motion,  which  is 
common  to  them  both,  he  will  obferve  all  the 
Parts  of  the  Earth ,  and  all  the  Bodies  fixed  on 
its  Surface  to  keep  the  fame  Pofition  in  regard 
to  one  another,  and  to  his  own  Eye,  and  always 
to  remain  at  the  fame  Diftance  from  him ;  and 
therefore  he  cannot  by  his  Eye  perceive  either 
his  own  Motion,  nor  that  of  the  Earth .  But 
looking  to  the  Sunf  and  obferving  him,  when  the 
Earth  comes  to  D,  he  will  fee  the  Sun  at  the  Star 
ffi,  and  will  perceive  that  he  has  changed  his 
Place  among  the  Starst  and  has  moved  from  Yf 
by  b',  1C,  to  S'  :  And  while  the  Earth  goes  on 
in  its  Progrefs,  and  goes  to  A,  the  Sun  will  be 
feen  from  thence  to  have  moved  thro*  the  Signs 
So,  S\y  and  tt£  :  and  Again,  while  the  Earth  de- 
lcribes  the  Semicircle  ABC,  the  Sun  will  appear 
to  have  moved ,  in  the  concave  Surface  of  the 
Heavens,  thro*  the  fix  Signs  £~,  £,  y p,  X* 

And  therefore  an  Inhabitant  of  the  Earth ,  ob~ 
lerves  the  Sun ,  which  is  really  immoveable,  to 
go  thro’  the  fame  Circle  in  the  Heavens,  and  in 
the  fame  Space  of  time,  that  a  Spectator  in  the 
Sun  would  fee  the  Earth  deferibe. 
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HENCE  arifes  that  Apparent  Motion  of 
the  Sun,  by  which  it  is  obferved  to  creep  every 
Day  by  little  and  little  towards  the  Eaftern  Stars  ^ 
fo  that  if  any  Star  near  the  Ecliptick  does  at  any 
time  rife  with  the  Sun,  after  fome  few  Days  the 
Sun  will  be  'got  more  to  the  Eaft  of  the  Star, 
and  the  Star  will  rife  before  the  Sun,  and  will 
likewife  fet  before  him.  So  likcwife  a  Star 
which  is  Eaftward  of  the  Sun  and  is  leen  after 
the  Sun  fets,  at  a  confiderable  Diftance  from  him* 
in  the  Space  of  fome  few  Days  will  fet  with  the 
Sun ,  and  will  no  more  be  feen,  after  the  Sun  goes 
down.  This  Motion  of  the  Sun  which  is  con¬ 
trary  to  the  apparent  Diurnal  Revolution  of  the 
Heavens  from  Eaft  to  Weft,  was  efteemed  to  be 
real  by  the  Followers  of  Ptolemy,  who  maintain¬ 
ed  that  the  Sun  and  all  the  Stars  had  two  Motions* 
contrary  to  one  another,  the  one  common  with 
the  Heavens  from  Eaft  to  Weft,  in  the  Space  of 
24  Hours ;  the  other  proper,  and  peculiar  to 
each,  and  was  from  the  Weft  to  the  Eaft ;  which 
Courfe  the  Sun  finiflied  in  the  Space  of  a  Year. 
But  we  have  {hewed  that  there  is  no  fuch  real 
Motion  in  the  Sun,  and  that  it  is  only  Apparent, 
arifing  from  the  Motion  of  the  Earth. 

THE  Inhabitants  of  all  the  other  Planets  will 
obferve  juft  fuch  Motions  in  the  Sun ,  and  for 
the  very  fame  reafons  that  we  do  in  our  Earth  : 
And  the  Sun  will  be  feen  from  every  Planet ,  to 
deferibe  the  fame  Circle,  and  in  the  fame  fpace 
of  Time,  that  a  Spectator  in  the  Sun  would  ob¬ 
ferve  the  Planet  to  do.  For  Example  :  An  Inhabi¬ 
tant  of  Jufiter  would  think  that  the  Sun  turns 
round  him,  and  would  fee  him  deferibe  a  Cir¬ 
cle  in  the  Heavens,  in  the  fpace  of  twelve  Years ; 
that  Circle  would  not  be  the  fame  with  our 
Ecliptick,  and  the  Morion  ot  the  Sun  would  not 
be  thro’  the  fame  Stars,  which  he  appears  to  us 
to  pafs  by.  And  upon  the  fame  Account  the  Sun 
feen  from  Saturn  will  appear  to  move  in  another 
Circle  diftindt  from  either  of  the  former,  and 
will  not  feem  to  finifli  his  Period  in  lefs  time 
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than  30  Years.  Since  therefore  it  is  impoffible  Le<5hire 
that  the  Sun  can  have  all  thefe  Motions  really  VII. 
in  it  felf,  and  there  can  be  no  reafon  fliewn  why 
any  one  of  them  fliould  belong  really  to  the 
Sun  more  than  the  reft ,  we  may  fafely  affirm 
that  there  are  none  of  them  real,  but  that  they 
are  all  Apparent,  and  arife  from  the  Motions  of 
the  refpedtive  Planets. 

BESIDES  this  Annual  Circulation  of  the 
Earth ,  it  has  alfo  a  vertiginous  Motion  round  his  garth  round 
Axis ,  from  the  fiVefl  to  the  Eafl ,  in  twenty  fourit*  Axis- 
Hours  :  The  two  Points  in  which  the  Axis  meets 
with  the  Surface  of  the  Earth  are  called  the  Poles  fbe  Poles, 
of  the  Earth ,  and  if  this  Axis  be  indefinitely  pro¬ 
duced  to  the  Heavens  both  ways,  it  will  mark 
in  the  Heavens  two  Points,  which  are  called  the 
Poles  of  the  Heavens  :  Every  Point  on  the  Sur¬ 
face  of  the  Earth ,  except  the  Poles  will  defcribe 
the  Circumference  of  a  Circle  bigger  or  lefs, 
according  as  it  is  further  diftant  or  nearer  to  one 
I  of  the  Poles.  The  Poles  are  the  only  two  Points 
1  which  have  noVerticiry:  This  plainly  follows 
>  from  the  Nature  of  a  Vertiginous  Motion.  Any 
place  on  the  Surface  of  the  Earth,  which  is  e- 
qually  diftant  from  both  the  Poles ,  defcribes  by 
its  Rotation  a  great  Circle,  which  is  called  the 
/Equator  of  the  Earth,  or  the  /EquinoSiial  Circle  ;  jy.e 
and  the  reft  defcribed  by  Points  nearer  to  one  ofquaror,  or 
the  Poles  are  lelfer  Circles  and  are  called  Par- 
allels.  ieis, 

I  F  we  imagine  a  Plane  to  pafs  over  that  Point 
of  the  Earth’s  Surface  on  which  the  Spectator 
ftands,  and  to  touch  the  Globe  of  the  Earth  there; 
this  Plane  extended  as  far  as  the  Heavens,  will 
divide  the  Heavens  into  two  Parts,  and  its  Se¬ 
ction  with  the  Heavens  will  make  a  Circle, 
which  is  called  the  Horizon  ;  and  it  will  feparate  Ti,e 
or  diftingutfh  the  vifible  and  open  part  of  the 
Heavens,  frotruthat  which  is  invifible,  and  which  ' 

the  Opakenefs  and  Convexity  of  the  Earth  hides 
from  us.  This  Horizon  which  we  have  defcribed  The  Sen  fi¬ 
ts  properly  the  Senfible  Horizon  :  The  Rational 

Hwi-  zon. 
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Ledhire  %pn  being  a  diftindl  Circle,  which  palfes  thro’  ch‘0 
VII.  Center  of  the  Earth,  and  is  Parallel  to  the  fen- 
fible  which  touches  the  Surface.  But  thefe  two 
Circles,  tho*  they  are  diftant  from  one  another 
by  the  Semidiameter  of  the  Earth ,  yet  in  the 
Heavens  they  may  be  reckoned  as  coinciding, 
for  that  Semidiameter  is  but  a  Point,  in  compan- 
fon  of  the  Diftance  of  the  Heavens. 

tationoftbe  SINGE  the  Earth  turns  round  its  Axis,  the 
Earth  pro -  Spectator  Handing  on  its  Surface,  muft  likewife 
duces  an  dp-  turn  round  with  it  the  fame  way,  that  is  towards 
^voiutioi^of  the  Eaft :  And  therefore  all  the  Bodies  in  the 
the  Heavens  Heavens,  which  are  placed  in  the  Eaft,  and  were 
Earth  ^ noc  to  feen  by  reafon  the  Plane  of  the  Hori¬ 
zon  was  above  them,  will  become  Vifible,  when 
by  the  Rotation  this  Plane  fubfides,  and  comes 
under  them  :  So  likewife  the  oppolite  part  of 
this  Plane  towards  the  Weft,  rifing  above  the 
Stars,  will  hide  them  from  the  fight  of  the  Specta¬ 
tor,  and  all  the  Stars  in  the  Weft  will  become  In- 
vifible  :  Hence  it  is  the  Stars  of  the  Eaftern  fide 
of  the  Horizon  will  appear  to  rife  above  the 
Horizon,  becaufe  the  Horizon  defcends  below 
them,  and  the  Stars  on  the  Weftern  fide  will  ap¬ 
pear  to  fet  or  go  below  the  Horizon,  becaufe 
the  Horizon  does  really  get  above  them.  Hence 
ariles  that  Apparent  Motion  of  all  the  Bodies  of 
the  Univerfe  that  do  not  adhere  to  the  Earth, 
wherewith  the  whole  Starry  Firmament,  and 
every  Point  of  the  Heavens  feems  to  revolve 
about  the  Earth  from  Eaft  to  Weft  ;  every  Point 
defcribinga  greater  or  a  lelfer  Circle,  as  it  is  more 
remote  or  nearer  to  one  of  theCeleftiai  Poles:  And 
thefe  Ceieftial  Poles  which  are  made  by  the  Pro- 
dudtion  of  the  Earth’s  Axis  to  the  Heavens,  are 
the  only  Points  in  the  Heavens,  which  appear 
to  be  immoveable. 

ALTHO'  every  place  on  the  Surface  of  the 
Terraqueous  Globe,  is  illuftrated  .by  all  the  Stars 
which  are  above  the  Horizon  of  that  Place,  or 
rather  when  the  Horizon  is  under  the  Stars  • 
yet  the  Illumination  made  by  the  Sun  is  fo  great, 
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and  the  Refle&ion  of  its  Light  by  the  Atmo-Ledhire 
fphere  fo  ftrong,  that  the  Sun  when  he  is  above  VIL 
the  Horizon,  does  with  his  Prefence  quite  extin- 
guilh  the  faint  Light  of  the  fixed  Stars ,  and  pro- 
duces  Day  :  When  the  Sun  withdraws  himfelf  ^  ^  r* 
and  goes  below  our  Horizon,  or  more  properly 
when  our  Horizon  gets  above  the  Sun ,  he  then  Whence 
gives  leave  to  the  Stars  to  Shine  and  appear,  at  which  Night. 
time  it  is  Night.  Now  fince  the  Earth  is  an 
opake  Spherical  Body,  at  a  great  Diftance  from 
the  Sun ,  one  half  of  it  will  always  be  illumina¬ 
ted  by  the  Sun,  while  the  other  half  remains  iii 
Darknefs  :  And  the  Circle,  which  diftinguilhes  the  The  Circle 
illuminated  Face  of  the  Earth  from  the  Dark  fide,  bounding 
is  called  the  Circle  of  the  Interfedfion  of  Light  oar^nejT^ 
and  Shadow  ;  a  Line  drawn  from  the  Center  of 
the  Sun ,  to  the  Center  of  the  Earth ,  is  always 
Perpendicular  to  the  Plane  of  this  Circle. 

I  F  the  Axis  of  the  Earth  had  been  placed  in 
a  Polition  Perpendicular  to  the  Plane  of  the  E- 
cliptick,  then  in  that  cafe  the  Plane  of  the  Earth's 
JEquator  had  coincided  with  the  Plane  of  the 
Ecliptick,  or  the  Plane  of  the  Earth's  Orbit  $ 
and  the  Circle  bounding  Light  and  Darknels,1 
would  have  always  paifed  thro’  the  Poles  of  the 
Earth,  and  cut  the  iEquator  and  all  its  Par¬ 
allels  into  equal  Portions  :  And  therefore  in  thac 
cafe,  the  Sun  and  all  the  Stars  would '  have  re¬ 
mained  as  long  above  the  Hon\on,  as  they  would 
have  lain  hid  under  it,  and  the  Days  would  have 
been  Oonftantly  equal  to  the  Nights.  But  now,  Tbe 
as  the  Cale  is,  the  Axis  of  the  Earth  is  not  Per-  of  the  Earth 
pendicular  to  the  Plane  of  the  Ecliptick,  but  is^„^f  *?er~ 
inclined  to  that  Plane,  and  makes  with  it  an  An -totbTpfane 
gle  of  66-f  Degrees;  and  therefore  the  Plane  of oftbeEclip* 
the  Earth's  Equator  cannot  coincide  with  the^ 

Plane  of  the  Ecliptic but  thefe  two  Planes  make 
with  one  another  an  Angle  of  23-  Degrees. 

I  F  the  Plane  of  the  Earth's  ^Equator  be  i-  The  MquU 
maginedtobe  produced  as  far  as  the  fixed  Stars, 
it  will  there  make  a  Circle  which  is  called  the 
Celeftial  iEquihodtial ;  which  is  exactly  over  the 

F  Terre- 
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Lecture  Terreftial  A5quino&ial :  This  Circle  makes  witK 
VII.  the  Eclipdck  in  the  Heavens,  an  Angle  like- 
wife  of  23  2-  Degrees. 

Tbe  Pa~  THE  Earth  in  its  Revolution  round  the  Sun 
the  Earth?  does  *n  a  manner  proceed  in  its  Orbir,  that 
Axis*  it  keeps  its  Axis  Parallel  to  it  felf ;  that  is,  if  a 
Line  be  drawn  Parallel  to  the  Axis  while  it  is 
in  any  one  Portion,  the  Axis  in  all  other  Por¬ 
tions  or  Parts  of  the  Orbit  will  always  be  Parallel 
to  that  fame  Line,  and  it  will  never  change  its 
Direction,  but  always  look  towards  the  fame 
Point  of  the  Heavens  r  And  this  will  neceffarily 
be,  if  the  Earth  have  no  other  Motion  but  that 
round  the  Sun,  and  the  other  round  its  own  Axhl 
For  fuppofe  any  Body,  whofe  Center  is  carried  in 
the  Line  A  B,  and  in  A  we  fhould  Mark  any 
&tc  *IL  Diameter  C  D,  which  is  inclined  in  any  Angle  to 
the  Line  A  B;  if  this  Body  have  no  other  but  a 
progreflive  Motion  in  the  Line  AB,  when  it 
comes  to  the  Point  B,  the  Diameter  C  D  will  be 
in  the  Situation  c  d,  and  its  Polition  will  be 
Parallel  to  the  former  Portion  CD:  Now  if 
there  fhould  be  impreffed  upon  this  Body  a  Ro¬ 
tation  round  C  D  as  an  Axis ,  all  the  Diameters 
of  the  Body  will  conftantly  change  their  Portion 
by  this  Rotation,  except  the  Axis  which  will  re¬ 
main  is  its  former  State  i  The  Points  in  the  Axis 
being  the  only  Points  in  the  Body  which  have  no 
Rotation.  But  this  Axis,  as  was  fhewed,  did  be¬ 
fore  the  Rotation  always  prelerve  a  Fofition  Pa¬ 
rallel  to  it  felf,  therefore  after  the  Rotation  is  im- 
prefled  upon  the  Body,  the  Axis  will  ftill  keep 
Parallel  to  its  felf. 

HENCE  it  is  evident  that  there  is  no  need 
of  a  third  Motion  for  the  Earth ,  as  fome  have 
imagined  it  muft  have,  to  make  it  keep  its  Axis 
Parallel  to  its  ielf :  For  to  this  efFed:  there  is  no¬ 
thing  more  required,  that  than  it  fhould  have  only 
the  former  two,  with  which  alone  it  will  necet 
fkrily  keep  its  Axis  Parallel  to  it  felf. 

SINCE 
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SINCE  the  Plane  of  the  Equator  does  notLedlure 
coincide  with  the  Plane  of  the  Ecliptick,  thefe  VII. 
two  Planes  muft  cut  one  another  in  a  right  Line,l*<Y^i 
and  while  the  Earth  turns  round  the  Sun,  the 
common  Section  of  thefe  two  Planes  will  likewife 
always  remain  Parallel  to  its  felf ;  for  the  fame 
reafon  as  we  fhewed  in  the  Portion  of  the  Earth's 
Axis :  And  therefore  this  Sedtion  or  Line,  in  which 
the  Planes  cut  one  another,  will  always  be  direct¬ 
ed  towards  two  oppofite  Points  of  the  Ecliptick,' 

£nd  will  always  look  to  the  lame  Points  of  the 
JJniverfe. 

A  great  Circle  in  the  Heavens  palling  thro* 
the  two  Celeftial  Poles,  and  the  common  Sedtion  iure] 
of  the  ^Equator  and  the  Ecliptick  is  called  the  And  the. 
JE^uinoBiat  Colure  :  An  other  Circle  cutting  the 
former  in  the  Poles  at  right  Angles,  is  called  the 
Solftitial  Colure ,  which  palfes  thro’  the  Points 
■where  the  Equator  and  Ecliptick  are  at  the  great- 
eft  Diftance  from  one  another,  and  cuts  likewife 
both  thefe  Circles  at  right  Angles,  and  therefore 
does  likewife  pals  thro*  the  Poles  of  the  Ecliptick, 
or  that  Point  which  is  every  where  equally  di- 
ftant  from  the  Ecliptick.  The  four  Points  iti 
which  thefe  two  Colures  interfedfc  the  Ecliptick*’ 
are  called  the  four  Cardinal  Points,  becaufe  when  Tbe  Cdft 
the  Sun  is  leen  in  them,  he  determines  the  four  dinaif  tints* 
Seafons  of  the  Year.  The  two  Interfedtions  of 
the  JEquinoBial  Colure  with  the  Ecliptick,  are 
called  the  JEquinoBial  Points ;  the  other  two  be¬ 
ing  the  Interfedtions  of  the  Solftitial  Colure  with 
the  Ecliptick,  are  called  the  Solftitial  Points . 

SUPPOSE  now  the  Eye  of  a  Spedlator  to  IJh 

look  from  afar,  obliquely  upon  the  Orbit  of  the  ** 
Earth ;  it  will  then  appear  or  have  a  Reprefenra- 
tion  of  an  Oval  figure,  according  to  the  Rules  of 
Perfpedtive,  and  in  the  middle  of  this  Oval  the  Sun 
will  keep.  Thro’  the  Center  of  the  Sun  S,  draw  the 
right  Line  Y  S  ^  parallel  to  the  common  Se¬ 
ction  of  the  ^Equator  and  the  Ecliptick,  which 
Will  meet  with  the  Ecliptick  in  two  Points  Y,  ts?: 

And  when  the  Earth  leen  from  the  Sun  is  in  either 
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Ledlure  of  thefe  Points,  the  right  Line  S  Y  orS  Which 
VIL  joins  the  Center  of  the  Earth  and  Sun ,  will  coin- 
cide  with  the  common  Section  of  the  AEquator 
The  diffe*  and  Ecliptickf  and  will  then  be  Perpendicular  to 
nation  oftbe  the  -Axis  of  the  Earth  or  of  the  Equator,  becaufe 
raraUeis,ac-  it  is  in  the  Planb  of  the  iEquator :  But  the  fame 
r^p”fc/o/^ine  is  alfo  Perpendicular  to  the  Circle  which 
the  Earthm  bounds  the  Light  and  Darknefs,  and  therefore 
tbeEciiptic^.t he  Axis  of  the  Earth  will  be  in  the  Plane  of 
that  Circle,  which  will  therefore  pafs  thro’  the 
The  Ap-  Poles  of  the  Earth,  and  will  cut  th‘e  Equator 
pearances  and  a.ll  its  Parallels  into  equal  Parts.  When  the 
BarTh  ^  in  Earth  therefore  is  in  the  beginning  of  tSs,,  the 
Libra,  and  Sun  will  be  feen  in  Y,  in  the  common  Secftiori 
tbe  the  AEquator  and  the  Ecliptick  ;  and  therefore 

ieenm^nes,  it  win  appear  in  the  Celeftial  AEquinodtial,  and 
will  not  be  feen  to  decline  to  either  of  the  Poles  $ 
but  being  exadfly  in  the  middle  between  both,  ie 
will  then  by  its  Apparent  diurnal  Revolution 
defcribe  the  Celeftial  AEquinoiffial.  In  this  Po-* 
lition  of  the  Earth ,  the  Sun  will  exa&dy  illumi¬ 
nate  the  Earth  from  Pole  to  Vote,  and  as  wd 
laid  the  Circle  bounding  Light  and  Darknefs^ 
will  cut  the  Parallels  exacftly  into  equal  Parts, 
and  every  Point  of  the  Earth  being  carried  round 
by  the  vertiginous  Motion,  will  remain  as  long 
I  in  the  obfcure  fide,  as  it  was  in  the  light  or 

illuminated  Portion  of  the  Earth's  Surface  :  And' 
therefore  at  that  time  thro*  the  whole  Globe  of 
the  Earth ,  the  Day  will  be  equal  to  the  Night: 
From  hence  the  Circle  which  that  Day  the  Sun 
leans  to  defcribe  in  the  Heavens,  has  ©brained 
4  the  Name  of  JE^uinoPiial. 

irbi  Ap -  THE  Earth  in  its  Annual  Motion  going  by 

VhenThe  c^§rees  t^ro>  and  £  towards  yp,  and  the  common 
Barth  is  in  Section  of  the  AEquator  and  the  Ecliptick  re- 
Capricorn.  maining  always  Parallel  to  its  fell,  it  will  no  long¬ 
er  pafs  thro*  the  Body  of  the  Sun ,  but  in  it 
makes  a  right  Angle  with  the  Line  S  P,  which  jdns 
the  Centers  of  the  Sun  and  Earth:  And  becaufe 
the  Line  S  P  is  not  in  the  Plane  of  the  AEquator, 
but  in  that  of  the  Bcliptickj  the  Angle  BPS, 
.cl  -  which' 
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which  the  Axis  of  the  Earth  makes  with  ir^  will  Lecture 
not  now  be  a  Right  Angle,  but  Oblique;  thefe  VII. 
two  Lines  making  an  Angle  of  66|  Degrees,  V^f*Y"5V 
which  is  the  fame  with  the  Inclination  of  the 
Axis  to  the  Plane  of  the  Ecliptick.  Let  the 
Angle  S  P  L  be  a  Right  Angle,  and  the  Circle 
-bounding  Light  and  Darknefs  will  pafs  thro*  the 
Point  L;  and  then  the  Arch  B  L,  or  the  Angle 
B  P  L,  will  be  23-  Degrees,  that  is  equal  to  the 
Complement  of  the  Angle  BPS  to  a  right  An¬ 
gle.  4  - 

L  E  T  the  Angle  BPE  be  a  right  Angle,  and  then’ 
the  Line  P  E  will  be  in  the  Plane  of  the  ./Equator: 

Therefore  becaufe  the  Arches  B  E  and  L  T  are 
equal,  each  of  them  being  Quadrants ;  if  the 
common  Arch  B  T  be  taken  away,  there  will  re¬ 
main  TE  equal  to  LB  equal  to  237  Degrees, 

Take  E  M  equal  to  E  T,  and  thro’  the  Points 
M  and  T,  deferibe  two  Parallel  Circles  T  C, 

M  N  ;  the  one  is  called  the  Tropick.  of  Cancer  5^,  r  The,stwt! 
•the  orher  the  Tropick.o f  Capricorn  yp.  And  the  r  ‘ 

Earth  being  in  this  Situation,  the  Sun  will  fhine 
perpendicularly  upon  the  Point  T,  and  then  it  will 
ieem  to  approach  the  neareft  that  it  can  come  to 
the  North  Pole.  And  the  Circle  which,  by  the 
Apparent  diurnal  Revolution  of  the  Heavens,  the 
Sun  feems  to  deferibe,  will  be  diredtly  over  t Jie 
Circle  T  C  in  the  Earth ,  which  Circle  is  there¬ 
fore  called  the  Celeftial  Tropick  of  Cancer  :  Now 
upon  the  account  of  the  Revolution  of  the 
Earth  round  its  fixed  Axis ,  all  the  Points  of 
the  Parallel  T  C  will  in  their  turns  pafs  by 
the  Point  T,  and  will  be  direef  ly  under  the 
Sun ;  and  therefore  the  Sun  will  be  vertical 
to  all  the  Inhabitants  that  are  under  the  Tropick 
of  S',  when  he  comes  to  their  Meridians. 

While  the  Earth  is  in  this  Pofition,  it  is  ma- 
nifeft  that  the  Circle  which  bounds  Light  and 
Darknefs  reaches  beyond  the  North  Pole  B  to  L; 
but  towards  the  South  it  fails  fnort  of  the  South 
Pole  A,  and  reaches  no  further  than  F.  IhrOj 
L  and  F  let  two  Parallels  to  the  ./Equator  be 
~  7  -■  T'  F  3  deferibe^ 
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defcribed :  Thefe  two  Circles  are  called  the  Polar 
Circles ;  this  is  called  the  ArBicl^  Polar 7  the  other 
the  Ant ar Biel q  And  while  the  Earth  is  in  P,  all 
that  Trad  of  it  which  is  included  within  the  Polar 
Circle  K  L  continues  in  the  Tight,  notwithftand- 
ing  the  conftant  Revolution  round  the  Axis  3 
and  the  Inhabitants  there  enjoy  a  continual 
Day.  On  the  contrary  thofe  that  lye  within  the 
Antarfticft  Circle  remain  in  continual  Darknefs., 
having  all  Night  without  any  Day.  Belides  it 
is  likewife  manifeft,  that  all  the  Parallels  be¬ 
tween  the  iEquator  and  the  ArBicl ^  Circle,  are 
cut,  by  the  Circle  bounding  Light  and  Dark- 
nefs,  into  unequal  Portions 3  the  largeft  Portions 
of  thefe  Circles  remaining  in  the  Light,  and  the 
fmalleft  in  Darknefs  :  But  thole  Parallels  which 
are  towards  the  AritarBick,  Circle  have  their 
greateft  Portions  in  Darknefs,  and  their  leaft 
in  the  Light  3  and  the  diiference'of  thefe  Por¬ 
tions  will  be  greater  or  lefs,  according  as  the 
Circles  are  nearer  to  the  Pole  or  to  the  ./Equa¬ 
tor.  Therefore  in  this  Pofition  of  the  Earth * 
when  the  Sun  is  feen  in  S’,  the  Inhabitants  of 
the  Northern  Hemifphere  will  have  their  Days  at 
the  Longeft,  and  their  Nights  the  Shorteft  3 
and  the  Seafon  of  the  Year  will  be  Summer.  Bur 
in  the  Southern  Hemifphere  the  Inhabitants  will  have 
their  Nights  longeft,  and  their  Days  fhorteft  3  and 
they  will  be  in  their  Winter  Seafon. 

AND  in  every  Place  the  length  of  the  longeft 
Days  will  be  the  greateft,  and  the  Nights  the 
fhorteft,  according  as  the  Place  is  further  removed 
from  the  ./Equator,  and  comes  nearer  the  North 
Pole ,  ^We  fee  likewife  that,  of  all  the  Parallels* 
there  is  only  the  Equator  which  is  cut  into  equal 
Parts  by  the  Circle  bounding  Light  and  Dark- 
siefs,  they  being  both  of  them  great  Circles  :  And 
therefore  it  is  only  the  Inhabitants  of  the  Earth 
that  live  in  the  ./Equator,  that  have  their  Days 
conftantly  equal  to  their  Nights*  throughout  the 
^vhqle  Year,  "  """  .  .  ,  b  ,  ■*  ,b; 
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WHILE  the  Earth  goes  on  from  Yp  by  Ledure 
X  to  Y,  in  which  time  the  Sun  is  feen  to  pal's  VIL 
thro’  the  Signs  Ho,  SI  and  n?,  he  will  appear  to 
return  by  little  and  little  towards  the  ./Equator  ; 
and  when  the  Earth  is  arrived  at  Y,  the  Sun  will 
appear  in  £5,  where  the  common  Seddon  of 
the  /Equator  and  the  Ecliptick  always  keeping 
Parallel  to  its  felf,  will  pals  thro*  the  Center 
of  the  Sun ,  and  then  the  Sun  will  appear  in 
the  Celeftial  /Equinod:  ial :  At  which  time  the  ^ben^tbe 
Days  will  again  be  equal  to  the  Nights,  to  Earth  u  ^ 
all  the  Inhabitants  of  the  Earth ;  juft  after  the  Anes* 
fame  way  as  it  was  when  the  Earth  was  in  es, 
in  that  Polition  the  Circle  bounding  Light  and 
Darknefs  palling  thro*  the  Poles. 

THE  Earth  moving  on  thro’  Y,  b'  and  jX9 
the  Sun  will  be  feen  to  go  in  the  Ecliptick 
thro*  ttt  and  and  will  appear  to  decline 
from  the  /Equator  towards  the  South  ;  fo  that 
when  the  Earth  is  really  in  S',  the  Sun  will  The  Ap~ 
appear  among  the  Stars  near  the  Conftellation  %larnanct% 
yp.  And  whereas  the  Axis  B  A  does  not  change  Earth  is  in 
its  Inclination,  but  does  always  retain  its  Pa-  Cancer- 
rallelifm ,  the  Earth  will  have  the  fame  Afpecl 
and  Polition  in  refped:  to  the  Sun ,  that  it  had 
when  it  was  in  yp ;  but  with  this  difference, 
that  when  the  Trad:  within  the  Polar  Circle 
KL  was  in  continual  Light  while  the  Earth 
was  in  yp;  now  the  Earth  arriving  at  that 
fame  Trad:  will  be  altogether  in  Darknefs,  and 
the  Beams  of  the  Sun  can  not  reach  ir.  But  the 
oppolite  Space  within  the  Circle  F  G,  will 
be  in  a  continual  illumination,  and  at  the  pole 
A  there  will  be  no  Night  for  the  fpace  of  fix 
Months. 

HERE  likewife  of  the  Parallels  between 
the  ./Equator  and  the  North  Poley  the  illumina¬ 
ted  Portions  are  much  lefs  than  the  Portions 
which  remain  in  Darknefs;  the  contrary  of 
which  happened  in  the  former  Polition,  fo  like¬ 
wife  the  Sun  at  mid-day  will  appear  vertical, 
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Ix&ure  or  diredtly  over  Head  to  all  the  Inhabitants  that 
VII.  live  in  the  Tropick  M  N,  fo  that  it  will  ap- 
pear  t0  ^ave  defcended  towards  the  South  from 
the  Parallel  T  C  to  the  Parallel  M  N,  thro5 
the  Arch  CQ.N,  which  is  47  Degrees.  There¬ 
fore  the  Inhabitants  of  all  Places  of  the  Earth 
that  are  beyond  the  Tropicks,  towards  either  of 
the  Poles ,  have  the  Sun  in  their  Summer  47 
whole  Degrees  nearer  to  their  Vertex  or  to  the 
Point  diredliy  over  their  Heads,  than  in  the  op- 
pofite  time  of  Winter.  This  change  of  Situa¬ 
tion  in  refpedt  to  the  Sun ,  does  not  arife  be- 
caufe  the  Earth  is  railed  or  deprelfed,  ~  but  on 
the  contrary,  becaufe  it  is  no  where  deprelfed 
and  no  where  raifed  :  But  with  its  Axis  keeps 
the  fame  immutable  Pofition,  in  refpedt  of  the 
iUniverfe,  only  going  round  the  Sun  which  is 
placed  in  the  Center  of  its  orbit,  and  the  Axis 
thereof  retaining  the  fame  Inclination  to  the 
Plane  of  the  Orbit,  and  the  fame  Situation  in 
refpedl  to  any  other  fixed  Line.  ; 

ALL  we  have  here  faid  will  appear  evident 
Bow  all  to  our  Eyes,  if  we  light  a  Candle  in  a  dark 
theje  Ap-  |\oom>  and  take  a  fmall  Globe  of  two  or  three 
may^e^re*  Inches  Diameter,  in  which  we  mull  mark  the 
prefented  to  Poles ,  the  iEquator,  fome  Parallels,  and  fome  Me- 
^e*  ridians,  or  Circles  palling  from  Pole  to  Pole  z 
Then  we  mull  fo  hold  this  Globe  before  the 
Candle ,  that  its  Axis  may  not  be  Perpendi¬ 
cular  to  the  Plane  of  the  Table  on  which  the 
Candle  Hands,  but  let  it  be  inclined  to  it, : 
in  an  Angle  nearly  of  66}  Degrees ;  then  place 
the  Globe  in  fuch  a  manner,  that  one  of  its 
'■Bobs  may  point  diredtly  Northward and  lec 
the  light  of  the  Candle  firft  reach  from  Pole 
to  Pole ,  that  is,  let  the  Circle  bounding  Light 
and  Shadow  firft  pafs  thro’  the  two  Poles 
of  the  Globe:  Then  let  the  Pofition  of  the 
Axis  be  well  obferved,  and  then  move  the 
$rlobe  round  the  Candle  with  your  Hand,  in 
a,  Circle  Parallel  to  the  Horizon,  holding  it  fo 
"  ~  ~  ~  ,  that 
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that  the  Axis  may  always  point  the  fame  way,  Ledture 
and  retain  the  fame  Inclination  to  the  Horizon.  VII. 
This  done  you  will  fee  that  the  Flame  of  the 
Candle  will  in  the  lame  manner  illuminate  this 
Globe,  as  the  Sun  actually  does  the  Earth  z 
And  the  Poles  of  the  Globe,  its  ./Equator  and 
Parallels,  will  undergo  the  fame  viciflitudes  of 
Light  and  Darknefs,  which  we  have  now  ex¬ 
plained. 

THE  like  Phenomena  or  Appearances  may  rke  /% 
be  oblerved  from  any  other  Planet  that  turns 
round  its  Axis.  For  Example:  Jupiter  perr  other  planet 
forms  his  Gyration  in  the  fpace  of  teq  Hours;  *£^4*%*** 
and  -  therefore  a  Jovian  or  an  Inhabitant  of  AxjS# 
Jupiter ,  will  fee  the  whole  Heavens,  and  even  our 
Earth  together  with  the  Suny  to  have  a  rapid 
Motion  round  his  Body  in  the  fpace  of  ten 
Hours:  But  the  Axis  of  Jupiter  is  very  nearly 
Perpendicular  to  the  Plane  of  his  Orbit,  and 
therefore  the  Circle  bounding  Light  and  Dark¬ 
nefs  in  Jupiter ,  does  always  nearly  pals .  thro* 
his  Poles ;  and  therefore  the  Days  and  Nights 
in  that  Planet  are  almoft  conftandy  equal ;  hence 
it  feems  the  Jovians  enjoy  an  Uniform  tem¬ 
perate  Seafcn,  without  being  uneafy  at  the  ap¬ 
proaching  Heats  of  the  Summer  or  the  Colds 
of  the  Winter.  1 

I  F  thro’  the  Center  of  the  Sun  or  Earth  Tbs  Ads 
(it  is  no  matter  which,  for  thefe  two  Point  $  of  the  Edit* 
at  the  Diftance  of  the  Stars  will  be  feen  to  ' 
coincide)  there  be  raifed  a  Line  which  is  Per¬ 
pendicular  to  the  Plane  of  the  Ecliptick,  and 
this  Line  be  produced  to  the  Heavens ,  it  is 
called  the  Axis  of  the  Ecliptick;  and  the  two 
Points  which  this  Line  on  both  fides  produced 
does  tend  to  in  the  Heavens ,  are  called  the 
Poles  of  the  Heavens.  Now  if  we  imagine 
great  Circles  to  pals  thro’  thefe  Poles  and  by  every 
Star  or  Planety  they  will  all  be  Perpendicular 
to  the  Plane  of  the  Ecliptick.  Thefe  Circles  rbeSecon* 
are  called  Secondaries  of  the  Ecliptic 4,  or  Cir- daries  of  the 
pf  Latitude .  And  an  Arch  of  one  0f£cllPtlck« 
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Le&urd  thefe  Circles  intercepted  between  any  Star  and 
VII.  the  Eciiptick  is  called  the  Latitude  of  that  Star, 
or  its  Distance  from  the  Eciiptick  ;  which  may 
The  Lati -  be  either  North  or  South,  according  as  the  Star 
<tdf  a  *s  uPon  the  North  or  South  fide  of  the  Eciip¬ 
tick.  So  alfo  an  Arch  of  the  Eciiptick  between 
the  firft  Point  of  Y,  or  its  interfedrion  there  with 
the  JEquator,  and  the  Point  where  the  Circle  of 
The  Un-  Latitude  palling  thro’  a  Star  cuts  the  Eciiptick, 
ghude  of  a  is  called  the  Longitude  of  that  Star . 

Star,  AFTER  the  fame  manner  if  there  be  con¬ 

ceived  innumerable  Circles  to  pafs  thro*  the 
two  Poles  of  the  Earth ,  and  thro’  each  place  on  its 
Surface,  they  will  all  be  Perpendicular  to  the 
JEquator,  and  they  are  called  Secondaries  of  the 
JEquator :  But  in  refpedt  of  the  Places  thro* 
The  Me-  which  they  pafs,  they  are  called  Meridians  I 
fidtans.  becaufe  when  the  Sun  is  feen  in  any  place  iq 
the  Plane  of  fuch  Circle  ,  it  will  be  mid-day 
to  the  Inhabitants  of  that  Place.  The  Arch  of 
One  of  thefe  Secondaries  intercepted  between 
any  place  and  the  JEquator ,  is  called  the 
.  Latitude  of  the  Place ;  or  its  Diftance  from 
tude  eofdta  the  JEquator ,  which  may  be  likewife  either 
riace.  North  or  South ;  And  that  Arch  of  the  JE¬ 
quator,  that  lies  between  the  Jnterledlion  of 
the  Secondary  paffing  through  any  Place,  with 
tu4e  t^ie  ^^uator>  an(^  any  other  fixed  Point  in  the 
JEquator,  is  called  the  Longitude  of  that  Place, 
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LECTURE  VIII. 

Concerning  feveral  other  Phenomena  or 
Appexrences^  which  depend  on  the  Motion 
of  the  Earth. 

I  N  C  E  the  Barth  turns  fo  round  the 
Sun  that  its  Axis  always  remains 
S  OS*  Parallel  to  it  feif,  it  Teems  necef- 

lary  that  this  Axis ,  at  different  Sea-  The  Axis 
^ns  °f  Year,  ffiould  point  to 
different  Starj,  and  that  the  Star  or  Point  ofptfnt  to°dif- • 

the  Heavens,  which  is  diredlly  over  the  Pole  ot  front  stars 
the  in  the  Summer,  fhould  not  be  To  d i-timtsof%e 

redlly  over  it  in  the  Winter ;  but  that  the  Axis  Tear, 
fhould  point  to  another  Star ,  whoTe  diftance  Trom 
the  Tormer  fliould  be  equal  to  the  whole  Dia¬ 
meter  of  the  Earth's  Orbit. 

i  FOR  let  ACBD  be  the  Orbit  of  the  Earth ,  in  plat“  *V- 
whofe  Center  is  the  Sun  S :  A  B  the  Diameter  of  u 
the  Orbit :  When  the  Earth  is  at  A,  its  Axis  is 
directed  to  a  Star  E,  which  is  diredtly  over  the 
Pole  of  the  Earth:  Now  when  the  Earth  comes 
to  the  oppofite  Point  or  the  Orbit  B,  the  Axis 
being  in  a  Polition  Parallel  to  its  Tormer  Poficion, 
it  will  no  longer  point  to  the  Star  E,  but  to  another 
Star  F,  which  two  Stars  will  be  diftant  Trom  each 
other,  the  whole  length  oT  the  Diameter  oT  the 
great  Orbit.  But  the  Angular  or  obTervable  di fiance 
oT  the  Stars  is  the  Angle  E  B  F,  which  is  equal 
to  the  Angle  AEB,  by  the  29th  Prop.  iff.  Book 
of  Euclide,  But  the  Angle  A  E  B  is  the  Angle 
under  which  the  Diameter  of  the  great  Orbit  or 
Orbit  of  the  Earth  is  Teen  from  the  Star  E,  which 
Angle  EBF  or  AEB  is  called  the  Parallax  of 

P  £  *  .  *  *'  ••  •  1  -  *  “  the  great  Orbit. 


I 


This  Ta 

tt-alldx' 
fcarcely  to 


7.6  : ASTRONOMICAL 

JLedture  the  great  Orbit ,  and  if  it  could  be  obferved,  we 
VIIL  might  by  it  find  the  diftance  of  the  Star  E  from 
^/W  cfie  Earth,  in  refped:  of  the  Suns  diftance  from 
tis.  For  in  the  Triangle  E  A  B,  we  have  the  An¬ 
gle  E  which  is  equal  to  the  Angle  E  BF,  which 
we  fuppofe  we  can  obferve  ;  we  have  likewife 
the  Angle  EAB,  which  in  the  EquinoSlial  pints 
is  always  a  Right  Angle  ;  and  in  the  Soljlices  it  is 
equal  to  the  Inclination  of  the  Earth's  Axts  to  the 
fflane  of  the  Ecliptick,  and  is  always  equal  to  the 
Vifible  diftance  of  the  Sun  from  the  Pofe :  Hence 
in  this  Triangle  we  have  all  the  Angles;  we 
have  likewife  the  fide  A  B,  and  confequently 
by  Trigonometry  we  can  find  the  fide  A  E,  or 
EB,  the  diftance  of  the  Star  E  from  the  Earth . 

BUT  the  Truth  is,  that  the  diftance  of  the  Stars 
is  fo  great  in  refpedt  of  A  B,  and  the  Angle 
%eelfervedt  E  B  F  is  fo  very  final!,  that  there  can  be  no 
Inftruments  made  nice  enough  to  obferve  it  ex¬ 
actly;  and  they  who  have  taken  rhoft  Pains  to 
find  it  but,  could  never  obferve  it  to  be  fo  great 
as  one  Minute  :  And  fince  in  the  Obfervations  of 
luch  final!  Angles,  Errors  are  fcarcely  to  be  d- 
voided,  and  fuch  too  as  will  in  the  Computa¬ 
tion  produce  prodigious  differences  in  the  di¬ 
stances  which  depend  upon  them ;  we  cannot 
fafely  truft  fuch  Obfervations:  For  if  with  Mr* 
Elamfteed  we  lliould  fuppofe  the  Parallax,  or  the 
Angle  EBF,  to  be  42  Seconds,  and  there  be 
an  Error  committed  in  Obfervation,  which  makes 
the  Angle  25  Seconds  greater  than  it  really  is, 
(and  no  Man  can  be  lure  that  he  has  not  com- 
filnceoUbe  mittec^  fuch  an  Error)  the  diftance  of  the  fixed 
stars  uncer-  Stars  in  that  cafe  will  really  be  double  of  what 
tain,  our  Obfervatipn  makes  it.  But  if  the  Obferva¬ 
tions  happen  to  be  lefs  accurate,  fo'  that  there 
may  be  a  Minute  or  more  between  them  and 
the  Truth,  (and  moft  of  our  Obfervations  are 
fuch)  the  diftance  that  arife  from  the  Com¬ 
putations  made  on  fuch  Obfervations,  will  be 
prodigioufly  wide  of  one  another,  and  all  of  them 
Very  different  from  the  Truth. 

^  ~  HITBEfU 
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HITHERTO  we  have  fappofed  the  Axis 
6f  the  Earth  to  have  remained  in  an  immuta¬ 
ble  Pofition,  and  to  have  continued  in  an  exadl 
Parallelifm,  and  that  the  Earth  had  only  two 
Motions,  one  Annual  round  the  Sun ,  the  other 
Diurnal  round  its  Axis.  But  the  Aftronomers , 
from  the  Obfervati-ons  of  many  Years,  have  found 
that  the  Axis  of  the  Earth  has  not  exactly  kept 
its  Parallelifm,  but  has  deviated  a  little  from  that 
Pofition,  fo  that  tho’  the  Variation  in  the  fpace 
©f  two  or  three  Years  be  fcarcely  fenfible,  yet 
in  many  Years,  or  in  a  Century  or  two,  it  is 
very  obfervable:  And  therefore  while  we  were 
explaining  the  Appearences  of  one  Year,  we  fpoke 
nothing  of  this  Aberration ,  for  that  could  no 
ways  difturb  the  Phenomena  that  were  then  to 
be  explained  ;  yet  in  the  compafs  of  fevera! 
Years,  this  mutation  or  change  of  the  Pofition 
of  the  Earth* s  Axis  becomes  very  remarkable. 
So  the  Direction  of  the  Axis  has  been  fenfibly 
changed,  tho*  its  Inclination  to  the  Plane  of  thd 
Ecliptiek  has  remained  the  fame,  and  from  hence 
we  find,  that  the  Axis  of  the  Earth  has  ano¬ 
ther  Motion  which  is  here  to  be  explained. 

Let  the  Line  D  C  H  reprefent  a  Portion  of  the 
Earth's  Orbit,  and  let  the  Center  of  the  Earth  be 
C;  from  which  eredfc  C  E  perpendicular  to  the 
Plane  of  the  Ecliptiek,  meeting  with  the  Con¬ 
cave  furface  of  the  Heaven's  in  E:  This  Line  CE 
will  be  the  Axis  of  the  Ecliptiek,  and  E  the  Pole 
of  it.  Let  C  P  be  the  Axis  of  the  Earth  pro¬ 
duced  to  the  Heavens,  P  will  be  the  Pole  round 
which  the  Heavens  have  an  apparent  diurnal  Re¬ 
volution.  Thro’  the  two  Points  E  and  P  draw  a 
great  Circle  E  P  A,  which  palling  thro*  the  Poles 
of  both  the  Ecliptiek  and  ./Equator  will  be  Per¬ 
pendicular  to  both  thofe  Circles,  Let  it  meet 
with  the  Ecliptiek  in  A;  the  Arch  P  A  will  mea- 
fure  the  Angle  PCH,  which  is  the  Inclination 
of  the  Axis  of  the  Earth  to  the  Plane  of  the  E- 
i  cliptick,  that  is,  it  will  be  66f  Degrees;  and  there¬ 
fore  the  Arch  E  P  which  is  its  complement  to  d 
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Le&ure  Quadrant,  will  be  23d  Degrees  ;  which  Arch  will 
VIII.  meafure  the  Angle  ECP,  that  the  Axis  of  the 
\S  Ecliptick  and  the  Equator  make  with  one  another,’ 
fThrJ>0u  Prom  the  Pole  E  defer ibe  thro’  P  a  leffer  Circle 
moves  back-  PEG,  which  will  be  Parallel  to  the  Ecliptick  ;  and 
ward,  in  a  fince  the  Axis  of  the  Earth  always  keeps  the  fame 
Parallel™ to invariable  Angle  with  the  Axis  of  the  Ecliptick^ 
tbeEcliptic/i.  it  will  always  be  directed  to  fome  Point  in  the 
Periphery  PFG,  and  the  Pole  of  the  World  muft 
always  be  foiriewhere  placed  in  it :  So  likewife  if 
the  Axis  of  the  Earth  retained  the  fame  dire&ioii 
Without  any  change,  as  often  as  the  Earth  came 
to  the  Point  of  its  Orbit  C,  the  Pole  of  the 
Heavens  would  be  conftantly  in  the  indivilible 
Point  P :  But  We  find  that  the  Pole  of  the  World 
does  conftantly  change  its  place  in  the  Periphery 
1?FG,  and  the  Axis  of  the  Earth  which  before 
pointed  to  P,  after  72  Years  will  look  to  a- 
nother  Point  Q,  which  is  one  Degree  from  P 
towards  the  TVeft.  And  by  this  means  the  AJcts 
of  the  Earth ,  or  of  the  World,  is  Carried  in  a 
Conical  Motion,  or  deferibes  the  Surface  of  a 
Cone ,  whofe  Vertex  is  in  the  Center  of  the 
Earth ,  and  its  Bafe  is  the  Circle  PFG;  atid  the 
'Pole  P  will  conftantly  move  in  the  Periphery 
PFG,  with  a  very  flow  and  retrograd  Motion 
from  the  Eaft  to  the  tVefly  and  does  not  finifti 
its  Circulation  in  lefs  than  25920  Years,  after 
which  time  .the  Pole  having  left  the  Star  at 
P,  does  again  return  thither.  Hence  it  follows, 
that  the  Star  which  is  now  the  Polar ,  and  di- 
fedtly  over  the  Pole  of  the  Earth ,  after  12960 
tVears,  which  is  half  the  Period  of  the  Polar 
Revolution,  will  be  47  Degrees  diftant  from  the 
Pole,  which  will  then  be  diredled  to  G. 

The  Circle  E  P  A  being  Perpendicular  to  both 
the  Ecliptick  and  the  ./Equator,  will  be  the  Sol~ 
The  $o\.ftitial  Colure ,  and  A  will  be  the  Solftitial  Pointy 
ftmal  Co-  which  Point  of  the  Ecliptick  is  moft  diftant 
from  the  iEquator  :  How  after  the  Axis  of  the 
Earth  produced  comes  into  the  Politico  C  Q, 
if  there  be  drawn  thro’  the  Poles  of  the  E- 

cliptick 
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cllptick  and  the  ^Equator  the  Circle  E  QB,  this  Lecfture 
Circle  will  then  be  Perpendicular  to  both  JE-  VIII. 
quator  and  Ecliptick,  and  therefore  when  the 
Axis  of  the  Earth  is  in  the  Pofition  C  Q,  the 
Circle  E  QB  will  be  the  Solftitial  Colure,  and 
the  Solftitial  Point  will  be  B,  where  that  Cir* 
cle  interfeefts  the  Ecliptick ;  and  therefore  the 
Solftitial  Points  will  move  backwards  equally  The  Sol- 
with  the  Poles  5  the  Motion  of  the  Pole  being  hnial^9/«rj 
in  the  Circle  PQ.G  which  is  Parallel  to  the  E-  ‘  ^ 
cliptick,  the  Arches  P  Q.  and  A  B  will  be  like 
or  fimilar ;  fo  that  when  P  Q  is  an  Arch  of 
one  Degree,  AB  will  likewife  be  an  Arch  of 
One  Degree. 

HENCE  the  Solftitial  Points  will  always 
be  receding  from  the  Stars  backwards,  fo  that 
if  the  Solftitial  Point  be  this  Day  near  the  Star 
A,  after  72  Years  it  will  be  in  B,  one  Degree 
removed  towards  the  PEeft  of  the  Star  A.  And  lince 
the  Solftitial  Points  move  conftantly  backwards, 
the  iEquinocftial  Points  which  are  always  90 
Degrees  diftant  from  the  Solftices,  will  alfo  move  ThctquU 
conftantly  backwards  ;  and  fo  likewife  muft  all 
the  other  Points  of  the  Ecliptick  neceftarily  move  i  °£emf™°V~ 
back,  equally  with  the  Solftices,  becaufe  they  bactyards* 
keep  conftantly  the  fame  diftances  from  them  : 

Thus  lince  between  the  Solftice  and  the  inter- 
fedtion  of  the  ^Equator  and  the  Ecliptick,  there 
are  90  Deg  rees,  or  a  Quadrant  of  a  Circle^ 
when  the  Solftice  has  moved  one  Degree  lVeft~ 
ward,  the  ^Equinoctial  interfection  muft  likewife 
move  one  Degree  VVeftvoard,  otherwife  they  could 
not  alWays  keep  the  fame  diftance  from  one 
another:  Therefore  the  ^Equinoctial  Points,  and 
all  the  other  Points  of  the  Ecliptick,  do  move 
continually  backwards,  or  towards  the  Weft.  And 
this  Motion  is  laid  to  be  in  Antecedentia ,  to  the  .  The  Vo- 
leftward,  and  contrary  to  the  order  of  the  Signs : 

As  the  other  Motion  whereby  the  Earth  and  all 
the  Planets  are  carried  round  the  Sun  to  the 
E:ftwards ,  is  faid  to  be  in  Conftcquentia/m  Con-  m  The  Me* 
fequence,  or  according  to  the  Order  of  the  Signs,  confeoue** 

that  tia>  * 
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LeCliire  chat  is  from  Y  to  b*  it,  &c.  And  this  backward 
VIII.  Motion  of  the  Equinoctial  Points,  is  called  the 
Preceffion  of  the  Equinoxes,  by  which  they  are 
carried  conftantly  back  unto  the  preceding  Signs 
or  Stars,  and  fall  more  and  more  behind  the 
fucceeding  Stars.  \  - 

SINCE  the  fixed  Stars  remain  immoveable* 
and  the  common  Interfe&ion  of  the  Equator  and 
the  Ecliptick  conftantly  falls  backward,  it  mull 
neceffarily  happen  that  the  Diftance  of  the  Stars 
from  the  EquinbCtial  Points  be  conftantly  chang¬ 
ed,  and  the  InterfeClions  moving  leftward,  the 
Stars  will  feern  to  remove  more  and  more  Eaft- 
toe  Mo- ward  in  refpeCt  of  the  Equinoctial  Points  f  And 
Mqumoaial  therefore  the  Longitudes  of  the  Stars  which  are 
Taints. back?  computed  from  the  firft  of  Point  T,  or  the  Vernal  in- 
Theisms  tetCeChi°n  of  the  Equator  and  Ecliptick,  muft  con- 
feemtomove  ftantly  increafe ;  and  all  tKe  Stars  will  feem  to  have 
forwards,  or  a  Motion  Eafiward,  not  that  they  have  really  any 
to  the  Eaft.  yuc^  Motion,  but  becaufe  the  EquinoClial  Point 
has  a  contrary  Motion  to  the  JVefl ,  fo  that  the 
Diftances  of  the  Stars  or  their  Longitude  from  the 
firft  Point  of  Y  reckoned  Eoflwards,  becomes  con¬ 
ftantly  greater. 

~ He  Con -  HENCE  it  is,  that  ail  the  Conftellations 
bave^cban  ^ave  changed  their  places,  and  have  deferred 
ged  their "  the  Stations  they  kept  when  they  were  obfer- 
ved  by  the  firft  Aftronomers.  Thus  the  Conftel- 
lation  of  the  Ram ,  which  in  Hipparchus’ §  time 
was  near  the  Vernal  interfeClion  of  the  Equa¬ 
tor  and  Ecliptick.,  ancl  gave  its  Name  to  that 
Portion  of  the  Ecliptick,  is  now  removed  front 
that  InterfeClion  a  whole  Sigh,  or  a  twelfth 
Part  towards  the  Eaji,  and  is  got  into  the  Sign 
or  Portion  of  the  Ecliptick  called  b"  or  the  Buffi 
Thus  alfo  the  Conftellation  b*  or  the  Buff  does 
now  refide  in  Gemini  or  the  Twins,  and  the 
Stars  which  are  called  Twins  are  at  this  Day 
advanced  to  $>  or  the  Crab  *•  the  Stars  in  the 
Crab  are  got  into  the  place  which  was  formerly 
poftefled  by  the  Lyon,  and  the  Lyon  has  drivers 
the  Virgin  a  whole  Sign  forward  5  and  fo  every 
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Conftellation  has  fince  the  firft  Oblervatlon  Lecture 
changed  place  with  the  following.  But  here  it  VIIL 
is  to  be  obferved,  that  tho’  the  Conftellations 
or  Images  have  left  their  places,  yet  the  twelve 
Portions  of  the  Ecliptick,  which  are  called  Do- 
decatimoria ,  retain  ftill  the  fame  Names  which 
they  had  at  firft  in  the  time  of  Hipparchus :  But 
to  diftinguifh  them  from  the  Conltellations,  the 
Portions  of  the  Ecliptick  are  called  Anafirous 
Signs,  or  Signs  without  Stars,  and  the  Conftel¬ 
lations  are  called  the  Starry  Signs. 

SOME  Antient  Aftronomers  fuppofed  the  Inter- 
fedtions  of  the  ./Equator  and  Ecliptick  to  be  im¬ 
moveable,  and  becaufe  they  found  that  the  Stars 
changed  their  diftances  from  thefe  Interfedfions, 
they  therefore  imagined  the  Orb  or  Sphere  in 
which  the  fixed  Stars  were  placed,  to  have  a 
flow  Revolution  about  the  Poles  of  the  Eclip¬ 
tick  ;  fo  that  all  the  Stars  performed  their  Cir¬ 
culations  in  the  Ecliptick  or  its  Parallels,  in 
the  Space  of  25910  Years  ;  after  which  time 
the  Stars  would  again  return  to  their  former  places. 

This  Period  of  time,  which  is  five  times  greater 
than  the  Age  of  the  World,  they  called  the  great  the  great 
Year;  and  imagined  that  when  it  was  Unified, Tear* 
every  thing  would  begin  again,  and  all  things 
happen  and  come  up  in  the  fame  order  they  do 

now. 

THE  Phyfical  and  efficient  caufe  of  the  Pre- 
ceffion  of  the  Equinoxies,  was  unknown  to  all 
the  Aft ronomers  before  Sir  ISAAC  NEWTON,; 
none  of  them  being  able  to  guefs  from  whence 
it  did  proceed.  But  Sir  ISAAC  NEWTON 
having  confidered  the  Laws  of  Motion  and 
Gravity,  hath  clearly  demonftratcd  that  it  doth  a- 
rifefrom  the  broad  Spheriodical  Figure  of  the  Earth: 

And  that  this  broad  Spheriodical  Figure  arifes 
from  the  Rotation  of  the  Earth  round  its  Axis. 

A  L  T  H  O’  the  Earth  in  its  Annual  Motion 
does  fo  go  round  the  Sun  that  it  always  performs  rbe  Mo* 
its  Period  in  equal  intervals  of  time;  yet  ics tion  of  the 

Mgtion  in  its  Orbit  is  obferved  not  to  be  eqna -orfiit  not 
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ble  and  uniform,  but  in  fome  places  it  moves 
quicker,  in  other  places  it  flackens  its  pace ;  and 
therefore  the  Apparent  Motion  of  the  Sun  in  the 
Ecliptick  cannot  be  regular  and  Uniform :  And 
be  is  not  obferved  to  go  thro’  the  fame  fpace 
of  the  Ecliptick  every  Day.  In  our  Summer  he 
is  obferved  to  go  with  a  flower  Motion,  in  our 
Winter  he  moves  fomewhat  falter;  and  the  dif¬ 
ference  of  thefe  Motions  in  Summer  and  Win¬ 
ter  is  fuch,  that  his  place  in  the  Ecliptick  is 
fometimes  two  Degrees  above  what  it  would 
be,  if  he  had  conftantly  kept  the  fame  pace  ;  and 
fometimes  it  is  two  Degrees  lefs:  On  which  ac¬ 
count  the  Sun  is  obferved  to  fpend  near  eight  Days 
more  time  in  the  Northern  Signs  of  the  Eclip¬ 
tick,  than  in  the  Southern  Signs;  fo  that  from 
the  time  of  the  Suns  being  in  the  Vernal  JE~ 
quinodlie,  'till  his  coming  into  the  Autumnal , 
there  are  18 6?  Days;  in  which  time  by  his 
Apparent  Motion  he  is  feen  to  defcribe  one  half 
of  the  Ecliptick.  But  from  the  Autumnal  M - 
quinodlie  to  the  Vernal,  there  are  only  1781- 
Days,  in  which  fpace  of  time  be  finilhes  his 
courfe  thro’  the  other  half  of  the  Ecliptick,  and 
viiits  all  the  Southern  Confbellations.  We  are 
alfo  allured  by  the  Obfervations  of  Aftronomer$ , 
that  the  Apparent  Diameter  of  the  Sun  in  Win¬ 
ter,  when  the  Motion  of  the  Sun  is  quickeft, 
is  greater  than  the  Apparent  Diameter  in  the 
Summer,  when  he  flackens  his  pace ;  and  the 
Difference  is  fo  great,  that  when  the  Sun  ap¬ 
pears  biggeft,  he  is  feen  under  an  Angle  of  3Z 
Minutes  47  Seconds ;  but  when  he  appears  leaff, 
he  fubtends  an  Angle  only  of  31  Minutes  and 
40  Seconds,  and  therefore  the  Sun  muft  be  far¬ 
ther  from  us  in  Summer  than  in.  Winter. 

Some  Aftronomers  too  perrinacioully  keeping  to 
Circular  Orbits,  that  they  might  give  a  Satis¬ 
factory  account  of  thefe  Appearances,  fuppofed 
that  the  Earth  did  really  move  with  an  equa¬ 
ble  Motion  in  the  Periphery  of  a  Circle,  and 
t  if  were  feen-  from  the  Center  of  that 
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Circle,  it  would  be  obferved  to  defcribe  equal  Ledhire 
Angles  round  it ;  but  they  fuppofed  the  Sun  to  VIII. 
be  removed  from  that  Center  at  fome  diftance. 

Let  the  Circle  ABCD  be  the  Orbit  of  the  Plate  iv. 
Earth,  whofe  Center  is  E,  and  imagine  the 
Center  of  the  Sun  not  to  be  in  E,  but  in  S.  t\Qn  0f  the 
Now  when  the  Earth  is  in  A,  the  Sun  will  be  Earth  m  an 
oblerved  in  the  Point  Y,  and  when  the  Earth 
comes  to  B,  the  Sun  will  be  obferved  in  S>  : 

And  again  the  Earth  being  arrived  at  C,  the  Sun 
will  appear  in  ;  fo  that  while  the  Earth  de- 
fcribes  the  Arch  ABC,  which  is  more  than  a 
Semicircle,  the  Sun  will  appear  to  have  gone 
thro’  but  one  half  of  the  Ecliptick  ;  and  the  Sun  will 
feem  to  have  performed  his  Journey  thro’  the 
other  half,  while  the  Earth  is  describing  the 
other  Portion  of  her  Orbit  ADC.  Now  flnce 
the  Arch  A B C  is  greater  than  the  Arch  ADC, 
it  is  eafy  to  fee  that  the  Sun  muft  take  more 
time  to  defcribe,  by  its  apparent  Motion,  that 
half  of  the  Ecliptick  V,©,  than  the  other 
Vp,  Y\  Moreover  when  the  Earth  is  in  B,  it 
is  further  diftant  from  the  Sun  than  when  it 
is  in  D  :  And  if  its  Motion  were  in  itfelf  per¬ 
fectly  equable,  yet  when  it  is  feen  from  the 
Sun ,  which  is  not  the  Center  of  equable  Mo¬ 
tion,  it  would  from  thence  appear  to  be  un¬ 
equal  :  In  B  it  would  appear  to  be  floweft  of 
all,  and  in  D  to  be  the  quickeft  of  all.  But 
the  Apparent  Motion  of  the  Sun  in  the  Eclip¬ 
tick  is  conftantly  equal  to  the  Motion  of  the 
Earth  feen  from  the  Sun ;  and  therefore  by  this 
Suppofition  we  can  give  an  eafy  account  why 
in  our  Summer  the  Sun  appears  to  have  a 
flow  Motion,  and  in  the  Winter  a  quicker; 
fo  that  the  unequal  Motion  of  the  Sun  or 
Earth  is  not  fo  in  reality,  but  only  Opticall 
and  Apparent;  ariflng  only  from  this,  that  the 
Sun  is  not  exactly  in  the  Center  of  the  Earth's 
Orbit  in  E,  but  at  fome  diftance  from  it  at  S  : 

So  they  affirmed  that  a  Spectator  in  E  would 
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Le&ure  always  Obferve  that  the  Earth  had  a  moft  exadfc 
VIII.  uniform  Motion  round  that  Center  in  its  Orbit. 

T  HIS  Bypothefis  appears  at  firft  fight  to  be 
flmple  enough,  and  to  anfwer  well  the  Appear¬ 
ances  We  have  related  ;  and  all  the  Afironomers 
before  IQ: pier  embraced  it  as  a  true  Hypothecs. 
For  they  held  it  for  an  undoubted  truth,  that 
all  the  Motions  of  the  Heavens  were  axadrly 
Circular,  and  in  themfelves  equable  :  But  after 
the  Great  Kepler  had  more  accurately  furveyed 
thefe  Motions,  and  relying  upon  the  Obferva- 
tions  of  the  moft  Induftrious  Tycho  Brahe ,  he 
then  found  that  the  Circular  Hypothecs  would 
The  trueUy  n0  means  anfwer  to  the  true  Motions  of 
Planets  :  And  by  a  moft  certain  and  infal- 
are  neither  lible  Method  of  reafoning,  he  has  fhown  that 
m  Clrcle.s  the  Motions  of  the  Planets  are  neither  equable 
norequa  e themfelves,  nor  are  their  Orbits  exadt  Cir¬ 
cles.  For  by  the  Obfefvations  of  Tycho ,  he  has 
proved  beyond  all  difpute,  that  the  Figure  of 
rhs  El  a  Planetary  Orbit  is  an  Ellipfe,  which  is  defi- 
iipticl>  or-  cient  from  a  Circle ,  or  of  the  form  of  an' 
hits  of  the  Oval ;  and  that  the  Planets  Motion  in  this  El- 
Pianets,  ]jpfe  is  really  unequal,  fometirAfes  quicker,  and 
fometimes  flower  ;  and  that  according  to  its 
diftance  from  the  Sun  the  Planet  llackens  or 
quickens  its  Motion. 

NOW  the  Ellipjis  is  a  curved  Line  Figure^ 
Plate  3V.  which  the  Geometers  commonly  fhew  by  cutting 
The  %e  a  ^one  or  a  Cylinder  obliquely  :  But  its  nature 
finptm  c/will  be  more  clearly  apprehended  by  beginners, 
an  Ellipfe.  from  the  following  Defcription.  Imagine  two 
fmall  round  Snicks  to  be  faftned  in  any  Plane 
dr  Paper,  one  in  the  Point  H,  the  other  in  the 
Point  G  5  and  fuppofe  a  Thread  doubled  with 
the  two  ends  tycd  together,  whofe  length  muft 
be  greater  than  the  diftance  of  the  Points  G 
and  H,  which  Thread  put  over  the  two  round 
Sticks  :  And  let  there  be  a  Pen  put  in  the 
doubling  of  the  Thread,  which  may  keep  it 
always  ftretched  with  the  fame  force.  This  Petr 
going  in  this  manner  round  will  deferibe  by 
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ks  Morion  a  curve  Line,  which  is  the  E^ipfe  Ledlure 
we  now  fpeak  of.  And  if  without  chan-  VIII. 
ging  the  length  of  the  Thread,  we  fhould  bring 
the  round  Sticks  a  little  cloler  together,  we 
fhall  then  have  another  Eliipfe  of  a  different 
kind  from  the  former,  and  which  will  come 
nearer  to  a  Circle ;  And  by  bringing  them  ftill 
nearer,  we  fhall  always  change  the  Form  of  our 
Eliipfe,  and  bring  it  nearer  to  a  Circle,  ’till 
the  Sticks  come  to  be  joined  together  in  one  ; 
and  then  the  Pen  in  the  doubling  of  the  Thread 
will  deferibe  an  exadt  Circle.  Either  of  th? 

Points  G  or  H  is  called  the  Focus  or  Navil  of  rbefoc us 
the  Eilipfis,  and  if  we  bifedt  H  G  in  C,  the  or  Umbili- 
Point  C  is  called  its  Center ;  the  Line  DK  pal-  cus* 

Eng  thro*  each  Focus ,  and  at  each  end  meeting 
with  the  Eliipfe,  is  called  its  Axis :  Hence  it  is 
evident,  that  if  from  any  Point  of  the  Ellipfjs, 
there  be  drawn  to  the  two  Focus's ,  as  for  Exam¬ 
ple  from  B,  two  Lines  B  H  and  B  G,  thefe  two 
Lines  joined  together  will  always  be  equal  to  the 
Axis  of  the  Eilipfis,  and  likewife  equal  to  the 
length  of  the  Thread,  bating  the  Diftance  of  the 
two  Focus's . 

NOW  tho*  this  be  the  Form  of  the  Orbit  ^be  Ax\t 
which  the  Planets  deferibe,  yet  the  Place  of  the 
Sun  is  not  the  Center  of  it,  but  he  takes  his  Resi¬ 
dence  in  one  of  the  Focus's  :  And  the  Axis  of  the 
Eliipfe  AP,  is  called  the  Line  of  the  Apfides ;  the  pIate  TV* 
Point  A  is  termed  the  higher  Apjis ,  and  the  Aphe-  rje  high  - 
lion  ;  the  Point  P  is  called  the  lower  Apjis,  and  er  Apfis  cr 
the  Perihelion :  And  SC  the  Diftance  between  the  A^bel lower 
Sun  in  the  Focus  and  the  Center,  is  called  the  Apfis  or  pe- 
Excentricity .  If  from  the  Center  C,  there  Ipe  rihelion. 
ercdled  upon  the  Axis  the  Perpendicular  C  E,  cen^fcity!* 
meeting  with  the  Orbit  in  E,  and  there  be  drawn 
from  the  Focus  the  Line  SE;  this  Line  is  called  The  Mean 
the  Mean  Dijlance  of  the  Planet  from  the  Sun ,  D‘lta‘?cc* 
which  is  equal  to  half  the  Axis;  it  exceeding  the 
fliorteft  Diftance  by  as  much  as  thelongcft  Diftance 
exceeds  it. 
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Lecture  1 N  the  Planetary  Orbits ,  the  Forms  of  the 

VIIL  Ellipfes  do  not  differ  much  from  Circles  ;  and  in 
the  Orbit  of  the  Earth ,  the  Excentricity  S  C  is 
only  17  of  fuch  pares  as  S  F  the  Mean  Diftance 
conlifts  of  a  1000,  which  Excentricity  is  but 
half  of  that  which  the  Aftronomers  that  fuppofed 
Circular  Orbits,  attributed  to  the  Diftance  of  the 
Sun  from  the  Center. 

The  Rule  THE  Motion  of  a  Planet  in  the  Periphery  of 

v\znet&  Me-  an  is  not  at  equable;  yet  it  is  regulated 

iions  are  re-  by  a.  certain  immutable  Law,  from  which  it 
g“lated’  IS  never  deviates ;  which  is,  that  a  Line  or  Ray 
defcnptbn  ^rawn  from  the  Center  of  the  Sun  to  the  Center 
of  Elliptic/^  of  the  Planet ,  which  is  carried  about  with  an 
ifcreas.  Angular  Motion,  does  fo  move,  that  it  deferibes 
or  fweeps  an  Elliptick  Area ,  always  proportional 
to  the  Time.  Thus,  let  the  Planet  be  in  A, 
from  whence  in  a  certain  Time  let  it  go  to  B; 
the  Space  or  Area  the  Ray  S  A  deferibes  is 
the  Triline  ASB;  When  afterwards  the  Planet 
comes  to  P,  and  from  the  Center  of  the  Sun  S, 
there  be  drawn  the  Line  S  D,  fo  that  the  Ellip¬ 
tick  Space  or  Area  PSD,  may  be  equal  to  the 
Area  ASB;  then  in  that  Cafe,  the  Planet  will 
move  thro’  the  Arch  P  D,  in  the  lame  compafs 
of  time  that  it  did  thro’  the  Arch  A  B,  which 
Arches  muft  be  unequal,  and  nearly  in  a  reciprocal 
proportion  to  their  Diftances  from  the  Sun  ;  for 
becaufe  of  the  equal  Area’s,  the  Arch  P  D  muft 
be  fo  much  in  proportion  greater  than  the  Arch 
A  B,  as  SA  is  greater  than  S  P.  This  Law  is 
fufficiently  demonftrated*  by  the  moft  Sagacious 
Kjtpler,  in  his  Book  which  he  entituled.  Cowmen - 
taries  on  the  Motioyi  of  the  Planet  Mars.  And  un¬ 
to  this  his  Invention  all  the  Aftronomers  do  now 
give  their  AiTent ;  for  there  is  no  other  Rule  to  be 
found,  which  fo  well  fatisfies  all  the  Appearan¬ 
ces  of  the  Planets \  Motions. 

The  Mean  A  N  Arch  of  a\Circle,  or  an  Angle,  or  the 
Anemaiy,  Elliptick  Area  A  S  G,  taken  proportional  to  the 
Time  in  which  the  Planet  delcends  from  A  to  G, 
is  called  the  Mean  Ancmalj  of  the  Planet,  But 

the 
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the  Angle  A  S  G  when  the  Planet  comes  from  A  Ledlure 
to  G,  is  called  its  True  Anomaly.  But  when  the  VIII. 
Morion  of  the  Pla?zet  is  reckoned  from  the  vernal 
Interfedfion  of  the  ^Equator  and  the  Ecliptick,  ^omJYUe 
or  from  the  beginning  of  Y,  it  is  called  its  Motion  ‘  The  Mo- 
in  Longitude ;  which  is  either  a  Mean  Motion,^?" in  Lon- 
fuch  as  the  Planet  would  have,  did  it  move  uni-gltude‘ 
formly  in  a  Circle  round  the  Sun ,  or  elfe  the  true 
Motion  wherewith  the  Planet  defcribes  its  Or¬ 
bit,  and  is  reckoned  by  the  Arch  of  the  Eclip¬ 
tick  it  is  feen  to  deferibe;  which  true  Motion 
is  fometimes  accelerated,  and  fometimes  retar¬ 
ded,  according  to  the  Diftance  of  the  Planet 
from  the  Sun,  in  the  various  Points  of  its  Orbit. 

B  Y  this  means,  for  any  given  Time  after  that  Tye  deter„ 
the  Planet  has  left  its  Aphelion^  we  find  out  its  Place  minotion  of 
m  its  Orbit,  vi%.  Let  the  Area  of  the  Ellipfe  be  fo'L  p!anet,-$ 
divided  by  the  Line  S  G,  that  the  whole  Elliptick  orbit!"  U* 
Area  may  have  the  fame  proportion  to  the  Area 
ASG,  as  the  whole  Periodical  time  wherein  the 
Planet  defcribes  its  Orbit,  is  to  the  Time  given; 
and  then  G  will  be  the  Place  of  the  Planet  in 
its  Orbit.  The  Geometers  have  given  feveral 
Methods  for  dividing  in  this  manner  the  Area  of 
an  Ellipfe,  fome  of  which  we  will  fliew  in  its 
proper  Place. 

SINCE  in  our  Summer  we  are  further  from  c  the 
the  Sun ,  and  when  Winter  comes  on  we  begin  ^greater m 
to  approach  him;  fome  may  wonder  why  the  be  is  fur -.her 
Earth  grows  warmer  while  it  is  (till  further  re--''rm*6, 
moving  from  the  Sun  ;  and  again  in  the  Winter 
why  it  fhould  be  colder  notwithftanding  its  nearer 
accefs  to  him.  But  we  mult  obferve  that  the 
degrees  of  Heat  and  Cold  do  not  altogether  de¬ 
pend  upon  the  Diftances  from  the  Sun ,  but  there 
are  other  powerful  and  concurring  Caufes,  which 
have  certain  effedts  in  this  matter:  For  firft  of 
ail,  the  diredt  force  of  the  Suns  Rays  is  much 
ftronger  than  when  they  are  received  obliquely  : 

Now  in  the  Winter  the  Rays  fall  upon  the  Earth 
very  obliquely,  and  their  Power  is  not  only  dimi- 
nifhed  on  the  account  of  their  obliquenefs,  but 
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Ledure  alfo  becaufe  the  Light  is  not  fo  denfe,  there  being 
VIII.  much  fewer  rays  which  can  come  to  a  certain  Por- 
tion  of  the  Surface  to  Heat  it.  Moreover  the  Sun 
being  low  in  the  Horizon  all  the  Winter,  the 
Beams  pafs  thro’  a  much  greater  quantity  of  Air, 
or  are  deeper  immerfed  in  our  Atmofphere  in 
the  Winter,  than  they  are  in  Summer,  when  the 
Sun  approaches  nearer  to  our  Vertex,  and  the 
Force  of  the  Rays  is  broke  by  the  Refledions  on 
fo  many  Particles  of  Air:  And  the  difference  isfo 
very  great,  that  when  the  Sun  is  in  the  Horizon, 
we  can  look  upon  him  without  hurting  our  Eyes; 
but  when  he  Rifes  higher,  there  is  no  enduring 
his  fight  without  blinding  us. 

Tfye  Days  BUT  there  is  another  very  powerful  Caufe 
^be^Mbfs  produces  the  variety  of  Seafons,  which  is, 

were afe  the  that  the  longer  any  hard  and  folid  Body  is  ex¬ 
ited.  pofed  to  the  Fire,  the  Hotter  it  grows.  Now  in 
*he  Summer  for  fixteen  Hours  we  are  continually 
in  the  Sun  s  heat,  and  we  have  only  eight  Hours 
in  the  Night  to  cool:  The  contrary  of  which 
happens  in  the  Winter,  and  therefore  it  can  be  no 
Wonder  that  there  fhould  be  fo  great  a  difference 
of  Heat  and  Cold,  in  thefe  two  Seafons. 

SINCE  the  Power  of  the  Sun  is  greateft 
when  his  Rays  fall  upon  us  moft  diredly,  and 
v  when  the  Days  are  longeft  ;  it  would  feem  that 

the  greateft  Heat  ought  to  be  when  the  Sun  en¬ 
ters  the  Tropick  of  S',  for  then  the  Sun  comes 
neareft  to  our  Vertex,  and  lieth  longeft  upon  us. 
But  Experience  fhews  us,  that  we  have  the  great- 
eft  Heat  after  that  the  Sun  has  left  the  Tropick  5 
and  the  Seafon  becomes  warmeft  about  the  end 
of  July,  in  the  Dog-Days,  when  the  Sun  has 
palled  the  Tropick,  and  is  removed  from  it  above 
a  whole  Sign. 

THAT  we  may  give  the  true  Caufe  of  this 
died:,  it  is  to  be  ohferved,  that  the  Adion  of  the 
Sun  by  which  all  Bodies  are  heated ,  is  not  tran¬ 
sient,  as  its  Illumination  is,  but  permanent ;  So 
that  a  Body  which  has  been  once  heated  by  the  Sun, 
fetains  its  Heat  for  feme  time  after  the  Sun  has 

gone 
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gone  off  it:  So  that  the  heating  Particles  which  Ledfcure 
How  from  the  Sun ,  and  are  abforbed  by  the  heat-  VIII 
ed  Body,  do  for  a  certain  time  remain  within  it, 
and  do  therein  raife  a  warmth  or  Heat.  But 
afterwards  when  thefe  Particles  fly  off,  or  Ioofe 
their  Force,  the  Body  begins  to  cool :  And  there¬ 
fore,  if  the  heating  Particles  which  are  conftantly 
received  be  more  than  they  which  flie  away  or 
Ioofe  their  Force,  the  Heat  of  the  Body  muft 
continually  encreafe.  And  this  is  our  prefent  Cafe:  UOt 

After  the  Sun  has  entred  the  Tropic k,  the  number  when  the  1 
of  Particles  which  Heat  our  Atmofphere  and  s.m  ti:& 
Earth ,  does  conftantly  encreaie,  there  entering  Tropick* 
more  in  the  Day  time  than  what  we  Ioofe  in  the 
Night  time,  and  therefore  our  Heat  muft  grow 
greater.  Let  us  fuppofe  for  Examples  fake.,  that 
there  are  a  Hundred  heating  Particles  received 
in  the  Day  time  in  Sun  fhine,  and  the  Night 
being  much  fhorter,  there  fhould  fly  off  only 
fifty  of  them,  other  fifty  {till  remaining  there  to 
excite  Heat:  The  next  Day  the  Sun  adting  with 
almoft  the  fame  Force,  will  impart  another  Hun¬ 
dred  Particles,  of  which  no  more  than  one  half 
will  fly  away  in  the  Night ;  fo  that  on  the 
beginning  of  the  third  Day,  the  number  of  Par¬ 
ticles  exciting  Heat  will  be  encreafed  by  one 
Hundred  :  And  thus  while  there  are  more  Par¬ 
ticles  that  excite  Heat  received  in  the  Day  time, 
than  what  fly  away  in  the  Night,  the  Heat  will 
conftantly  grow  ftronger.  But  then  as  the  Days 
decreafe,  and  the  Adtion  of  the  Sun  becomes 
weaker,  there  will  at  laft  be  more  Particles  that 
fly  away  in  the  Night  time,  than  what  we  re¬ 
ceive  in  the  Day  time ;  by  which  means  the 
Heat  of  a  Body  will  grow  every  Day  lefs,  an4 
the  Earth  and  Air  will  by  degrees  Cool. 
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Of  the  Moon,  its  Phafes  and  Motion. 

.  rte Moon  F  all  the  Bodies  in  the  Heavens,  if 

ifuintbl  |ol  you  except  the  Sun,  the  Moon  appears 

£arth.  ro  us  t0  t^ie  mo^  Splendid  and 

fliining  Globe,  and  does  more  parti¬ 
cularly  belong  to  our  Earth,  of  which  flie  is 
an  infeparable  Companion.  And  die  does  con- 
flantly  abide  fo  much  in  our  Neighbourhood, 
that  if  flie  were  looked  at  from  the  Sun,  fhe  could 
never  be  feen  to  depart  from  us  by  an  Arch 
greater  than  ten  Minutes;  She  therefore  is  tyed 
to  the  Earth,  and  waits-  upon  her  as  an  Atten¬ 
dant,  going  along  with  the  Earth  round  the 
Sun  in  the  fpace  of  a  Year*  but  in  the  mean 
time  flie  has  a  proper  Orbit  of  her  own  which 
file  deferibes  round  the  Earth ,  in  the  time  of 
a  Month. 

^Itbasva-  THE  Primary  Planets  have  the  Sun,  which 

mTphafes  regar^  as  a  Center,  for  the  Regulator  of 
’  their  Motions ;  and  fometimes  they  approach  us 
nearly ,  at  other  times  they  move  away  to  a 
great  Diftance  from  us.  But  the  Moon  like  an 
Earthly  Body  is  kept  in  our  Neighbourhood  by 
a  Natural  Propenlion  or  Gravity  towards  us; 
by  the  means  of  which  it  is  con  Handy  turned 
out  of  a  rectilinear  Courfe ,  and  is  obliged 
to  perform  its  Revolution  round  about  us, 
in  the  fpace  of  27  Days  and  feven  Hours, 
The  Moon  puts  on  feveral  Phafes  or  Appear? 
ances,  and  is  always  changing  its  Figure ;  and 
with  the  multitude  of  her  Forms  flie  has  fre¬ 
quently  puzled  the  Minds  and  ITnderftandings 
of  thofe  Phi  l  of  op  hers,  who  have  moft  Contem¬ 
plated 
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plated  her :  Sometimes  {he  encreafesand  grows  big-  Le&ure 
ger,  then  (lie  again  wanes,  and  diminiflies  as  it  IX 
were  in  old  Age;  fometimes  flie  is  bended  into 
Homs,  and  then  again  flie  appears  like  a  half 
Circle;  at  other  times  (lie  looks  Gibbous  or  Hump¬ 
backed,  and  immediately  flie  aflumes  a  full 
globular  Face ;  and  afterwards  by  degrees  flie 
difappears  and  loles  all  her  Luftre;  fometimes 
flie  inlightens  us  the  whole  Night,  at  other  times 
flie  does  not  appear  ’till  late  at  Night :  And 
even  in  a  Total  Eclipfe  flie  is  frequently  via¬ 
ble,  tho’  with  a  very  languid  and  pale  Counte¬ 
nance  ;  fometimes  flie  keeps  in  the  Southern  Re¬ 
gion  of  the  Heavens;  at  other  times,  flie  ri¬ 
fles  high,  and  vifits  the  Northern  Hemifphere. 

All  thefle  Things  were  firft  found  out  by  Endymion 
among  the  Greeks ,  who  was  the  firft  among  them 
who  watched  her  Motions,  and  upon  that 
Account  was  fluppofed  to  have  fallen  in  Love 
with  her. 

THE  Moon,  like  the  Earth,  is  a  Dark,  O-  ^ 
pake,  and  Spherical  Body;  and  only  fliines  csai  opaJ^e  * 
with  the  borrowed  Light  of  the  Sun :  For  it  Body. 
is  the  Sun  who  is  the  great  Luminary  in  our 
Syftem,  and  who  always  Illuftrares  that  half  of 
the  Moon  s  Body,  which  is  turned  towards  him  ; 
whilft  the  ether  half  which  is  oppofite,  is  in¬ 
volved  in  Darktiefs :  But  the  Face  of  the  Moon , 
that  can  be  fleen  by  the  Inhabitants  of  the  Earth , 
is  that  which  is  turned  toward  the  Earth :  And 
therefore  according  to  the  various  Pofition  of  the 
Moon,  in  refpedl  of  the  Sun  and  Earth,  we 
do  obferve  different  Illuminations  and  degrees 
of  Illuftration ;  at  one  time  a  larger,  at  another 
a  lefler  Portion  of  the  illuminated  Surface  is  to 
be  fleen  ;  Aometimes  there  is  no  Part  of  it  vifi- 
ble,  and  fometimes  we  obferve  the  whole,  and 
flee  the  Moon  with  her  Full  Face.  But  for  the 
better  underftanding  of  this  matter,  we  will  ex¬ 
plain  it  by  a  Figure.  Let  S  reprefent  the  Sun,  Plate  v. 
T  the  Earth,  RTS  a  Portion  of  the  Earth's,  *» 2* 

Orbit,  which  it  deferibes  in  its  Annual  Courfe 

round 
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Ledtiire  round  the  Sun.  Let  ABCDEFG  be  the  Or- 
IX.  bit  of  the  Moon,  in  which  fhe  turns  round  the 
Earth  in  the  fpace  of  a  Month,  from  the  fVefi 
jJ^e.  truJ  towards  the  Eaji. 

the  Moon  THIS  Motion  of  the  Moon  is  evident  to 
/r<3»j  weft  pur  Senfes  ;  for  if  the  Moon  be  obferved  to  ar- 
a  '  rive  at  the  Meridian  any  Night  with  a  fixed 
Star,  the  next  Night  fhe  will  be  52  Minutes 
later  in  coming  to  the  Meridian  or  in  Southing , 
than  the  Star,  {lie  having  receded  from  the 
Star  about  13  Degrees  towards  the  fiafi.  Join 
the  Centers  of  the  Sun  and  Moon  with  the 
right  Line  S  L,  and  thro*  the  Center  of  the  Moort 
the  circle  imagine  a  Plane  MLN  to  pals,  to  which  the  Line 
foundin'/0*1  ^  L  is  Perpendicular  :  The  Section  of  that  Plane 
Light  4 and  with  the  Surface  of  the  Moon,  will  produce  the 
narlpefu  Circle  which  bounds  Light  and  Darknels  in  her  ; 

and  leparates  the  inlightned  Face  from  the  Dark 
and  obfcure  fide.  In  the  fame  manner  let  the  Cen¬ 
ters  of  the  Earth  and  Moon  be  joined  by  the 
right  Line  T  L,  which  is  Perpendicular  to  a 
Plane  PLO  palling  thro*  the  Center  of  the 
Moon ;  that  Plane  will  make  on  the  Surface  of 
the  Moon,  the  Circle  which  diflinguifheth  the  vi¬ 
able  Hemifphere,  or  that  which  is  towards  us, 
from  the  invisible  which  is  turned  from  us;  which 
The  Circle  Circle  may  therefore  be  termed  the  Circle  of  Vi- 

©j  Ymon.  -  .  j  * 


The  rba-  HENCE  it  is  manifeft  that,  whenever  the 
fes  of  the  Moon  is  in  the  Portion  A,  in  the  Point  of  its  Or- 
pSied. eX'  bit  oppofite  to  the  Sun,  that  then  the  Circle 
bounding  Light  and  Darknejfs,  and  the  Circle  of 
Vifion  do  coincide ;  and  that  all  the  illuminated 
Face  of  the  Moon  will  be  turned  towards  the 
fiarth,  and  be  vifible  by  its  Inhabitants  :  And 
then  the  Moon  is  faid  to  be  Full,  and  fife  Shines 
all  Night  long ;  and  in  refpedl  to  the  Sun  fhe  is 
faid  to  be  in  Oppofition :  For  the  Sun  and  Moon 
are  feen  in  oppofite  Parts  of  the  Heavens,  the 
one  rifing  when  the  other  Setts.  When  the 
Moon  comes  to  B,  the  whole  illuminated  Pisk 
JvlPN  is.jioc  turned  towards  the  Earth,  there 

being 
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being  a  Part  of  it  M  P  riot  to  be  feen  by  Lecture 
us  ;  and  then  the  Vifible  Illumination  will  be  de-  IX. 
ficient  from  a  Circle,  and  the  Moon  will  have  a  gib- 
boiis  or  Humped  Form,  fuch  as  is  marked  in  B.  The  G'tb- 
The  Moon  arriving  at  C,  where  the  Angle  C  T  S  ^  fi£urs* 
is  nearly  right,  there  only  one  half  of  the  illu¬ 
minated  Disk  is  turned  towards  the  Earth ,  and 
to  be  feen  from  thence ;  and  then  we  obferve  a 
Half -Moon  as  in  C,  and  fhe  is  faid  then  to  be  Half  Moon* 
BifeCled  or  Dichotomized ,  that  is  cut  in  halfs.  or  the  moor 
In  this  Situation  the  Sun  and  Moon  are  a  fourth 
part  of  a  Circle  removed  from  each  other,  and 
rhe  Moon  is  faid  ro  be  in  a  Quadrate  Afpeft,  or  The  Qua- 
to  be  in  her  Quadrature.  The  Moon  going  for-  drature. 
ward  to  D,  the  illuminated  Face  MPN,  has  but  a 
fmall  Portion  of  its  felf  turned  towards  the  Earth 9 
and  the  fide  of  the  Moon  turned  towards  the  Earth 
is  for  the  greateft  part  in  Darknefs :  And  there¬ 
fore  of  the  Spherical  figure  of  the  Moon  which 
appears  to  us  to  be  Plane,  that  fmall  Part  which 
fhines  upon  us  will  feem  to  be  bended  into 
narrow  Points  or  Angles,  and  will  look  like  what 
we  call  Horns  ;  for  there  the  Circle  bounding 
Light  and  Darknefs  with  the  Circle  of  Vifion, 
doth  form  two  fmall  Angles  at  their  InterfedHons* 
and  the  Phafis  feen  from  the  Earth  will  appear 
as  in  D.  The  Moon  at  laft  coming  to  E,  will 
fnew  no  part  of  its  illuminated  Face  to  the  Earth , 
but  all  the  dark  fide  of  the  Moon  will  be  turned  New  Moor, 
towards  it  ;  and  then  the  Moon  difappears,  and  jj^(0^oa’ 
fhe  is  faid  to  be  in  Conjunction  with  the  Sun ,  the 
Sun  and  fhe  being  in  the  fame  Point  of  the 
Ecliptick.  This  Pofition  we  call  Ne r?  Moon. 

When  the  Moon  advances  further  to  F,  fhe  again 
affumes  a  Horned  or  Crooked  Figure;  and  as  before 
the  New  Moon  the  Horns  were  turned  IHeJiward, 
fo  now  after  the  time  of  New  Moon ,  they 
change  their  Pofitions  and  look  Eajlward.  When 
the  Moon  has  proceeded  to  G,  and  is  again  in 
a  Quadrate  AfpeCi  with  the  Sun,  fhe  will  ap¬ 
pear  Bifedbcd,  and  like  a  Half-Moon.  In  H 
flic  will  be  bigger,  but  will  ftill  be  deficient 
from  a  whole  Circle,  and  be  feen  Gibbous: 

But 
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Lecture  But  in  A  fhe  will  again  appear  Circular,  and 
IX,  in  her  full  Splendor. 

THE  Arch  EL,  or  the  Angle  STL,  contained 

ation  of  £  Un<^er  ^neS  ^rawn  fronl  r^e  Centers  of  the  Sun 
Moon' from  anc^  Moon  to  the  Center  of  the  Earth,  is  called  the 
the  Sun.  Elongation  of  the  Moon  from  the  Sun.  And  the 
Arch  M  O,  which  is  that  Portion  of  the  illumi¬ 
nated  Circle  MON  which  is  turned  towards 
the  Earth ,  and  which  is  the  Meafure  of  the  An¬ 
gle  that  the  Circle  bounding  Light  and  Darknefs 
and  the  Circle  of  Villon  make  with  one  another, 
is  every  where  nearly  fimilar  to  the  Arch  of 
Elongation  E  L,  or,  which  is  the  fame  thing, 
the  Angle  STL  is  nearly  equal  to  the  Angle 
M  L  O,  which  I  thus  demonflrate.  Produce  S  L 
at  pleafure  unto  X,  and  the  Angles  T  L  P  and 
MLS  will  be  equal,  they  being  both  Right 
Angles:  But  the  Angles  OLS  and  PLX  are 
alfo  equal,  becaufe  they  are  Vertical  to  each  o- 
ther ;  therefore  taking  away  thofe  equal  Angles, 
the  Angle  MLO  will  remain  equal  to  the  An¬ 
gle  TLX;  but  the  Angie  TLX  is  the  exter¬ 
nal  Angle  of  the  Triangle  STL,  and  is  there¬ 
fore  equal  to  both  the  inward  and  oppolite 
Angles  STL  and  TSL,  by  the  3 2d  Proportion 
of  Book  I  of  Euclid .  But  the  Angle  TSL  is 
exceeding  fmali  and  next  to  nothing ;  for  when 
biggeft,  in  the  Quadratures  it  does  fcarce  exceed 
ten  Minutes  of  a  Degree  ;  the  Diftanceof  the  Moon 
from  the  Earth  in  comparifon  of  that  of  the  Sun 
being  fo  fmail,  that  the  Angle  which  it  fubtends 
at  the  Sun  vanifhes.  And  therefore  the  An¬ 
gle  STL  by  it  felf,  is  nearly  equal  to  the 
Angle  MLO  ;  whence  the  Arch  MO  will  be 
fimilar  or  like  to  the  Arch  EL. 

THE  Semicircle  O  M  P,  lince  its  Plane  paHes 
thro*  the  Eye,  will  be  projected  into  a  Right 
Line,  or  appear  like  a  Right  Line  on  the  Disk 
of  the  Moon  ;  but  the  Circle  bounding  Light 
and  Darknefs  in  the  Moon,  fince  it  is  feen  Oblique¬ 
ly  from  the  Earth,  will  be  projected  into  an 
Ellipfe,  in  which  Form  it  will  appear.  Hence 

having 
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having  the  Elongation  of  the  Moon  from  the  Le&ure 
Sun ,  it  will  be  an  eaiie  matter  to  fhew  its  Pha -  IX. 
A  or  how  it  appears  at  that  time.  Let  the 
Circle  C  O  B  P  reprefent  the  Disk,  of  the  Moon  4  De,rnf~ 
which  is  turned  towards  the  Earth ;  and  let  pbafiso/tbe 
OP  be  the  Line  in  which  the  Semicircle  O M  P  Moon,  for 
is  projected,  which  fuppofe  to  be  cut  by  the  Dia-*”J 
meter  B  C  at  Right  Angles ;  and  making  L  P  the  piat*e  y. 
Radius,  take  LF  equal  to  the  Cofine  of  the  Fig.  5« 
Elongation  of  the  Moon  from  the  Sun  :  And  then 
upon  B  C,  as  the  great  Axis,  and  LF  the  leflf- 
er  Axis ,  defcribe  the  Semi-EIlipfe  BFC.  This 
Ellipfe  will  cut  off  from  the  Disk  of  the  Moon 
the  Portion  B  F  C  P  of  the  illuminated  Face , 
which  is  vifible  to  us  from  the  Earth . 

BY  making  LP  the  Radius,  LF  becomes  Tbepuan* 
the  Cofine  of  the  Elongation  of  the  Moon  from  My  °.f 
the  Sun;  PF  in  that  cafe  mu  ft  be  the  Verfed^r^on’ 
Sine  of  the  faid  Elongation;  and  BFC  (the 
Line  which  divides  the  illuminated  and  dark 
Parts  of  the  Disk)  will  be  an  Ellipfe,  whofe 
greater  Axis  is  the  Diameter  of  the  Disk  B  C, 
and  half  the  letter  Axis  is  the  Semidiameter 
of  the  fame  Disk,  diminilhed  by  the  Verfed  Sine 
of  the  Elongation.  Suppofe  now  that  OB  PC 
were  the  Disk  of  the  Moon  turned  towards  the 
Earth ,  and  BFC  the  Semi-EIlipfe  dividing  Light 
and  Shadow:  Draw  any  Line  GHN  parallel 
to  the  lelfer  Axis,  and  which  meets  with  the 
greater  Axis  in  Ai ,  by  the  Nature  of  the  Circle 
and  the  Ellipfe,  LP  will  be  to  LF  as  GM  is 
to  M  H  ;  and  by  Divifion  of  Ratio,  LP  is  to 
PF  as  GM  is  to  HG;  and  doubling  of  the 
Antecedents,  PO  will  be  to  PF  as  GN  is  to 
GH.  The  fame  thing  may  be  fhewen  of  any 
other  Line  which  is  Parallel  to  the  lefier  Axis, 
and  therefore  by  the  12th  Prop.  Book  V.  Of 
Euclid ,  as  P  O  is  to  P  F  fo  will  all  the  Lines 
GN  be  to  all  the  Lines  GH.  But  ali  the  Lines 
GN  compofe  or  make  up  the  whole  Lunar  Disk, 
it  confiding  of  an  infinite  number  of  Parallelo¬ 
grams,  whole  Heights  are  the  Lines  G  N, 

and 
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Ledhire  and  whofe  Bafes  are  indefinitely  little :  So  likewife 
IX.  all  the  Lines  G  H  make  up  that  part  of  the 
\y~y~sj  Disk  which  is  illuminated. 

AND  therefore  as  P  O  is  to  P  F,  that  is  as 
the  Diameter  of  a  Circle,  is  to  the  verfed  Sine 
of  the  Moon’s  Elongation  from  the  Sun ;  fo  is  the 
Whole  Disk  of  the  Moon ,  to  that  part  of  it  which 
is  illuminated  by  the  Sun.  And  hence  the  Illu- 
ftration  of  the  Moon  at  any  time,  is  to  its  great- 
eft  Illuftration,  which  is  at  Full  Moon ,  as  the 
verfed  Sine  of  the  Elongation,  is  to  the  Dia-’ 
meter  of  a  Circle. 

The  Earth  AS  the  Moon  by  reflected  Light  from  the 
*?u™!nater  Sun  illuminates  the  Earth ,  fo  the  Earth  does 
a  Reflex  more  than  repay  her  Kindnels,  in  enlightning 
tight.  the  Surface  of  the  Moon ,  by  the  Suns  reflex 
Light,  which  fiie  diffufes  more  abundantly  upon 
the  Moon ,  than  the  Moo? t  does  upon  us :  For  the 
Surface  of  the  Earth  is  above  fifteen  times  great¬ 
er  than  that  of  the  Moon  ;  and  therefore  if  both 
Bodies  have  the  fame  power  in  Refleddng  in 
proportion  to  their  bignefs,  the  Earth  would 
fend  back  fifteen  times  more  Light  to  the  Moon, 
than  it  receives  from  it.  For  the  Earth  appears 
fifteen  times  bigger  to  the  Inhabitants  of  the  Moon , 
than  the  Moon  does  to  us.  In  new  Moons  the 
Uluftrated  fide  of  the  Earth ,  is  fully  turned  to¬ 
wards  the  Moon ,  and  will  therefore  at  that  time 
illuminate  the  dark  fide  of  the  Moon;  and  then 
the  Lwiarians  will  have  a  Full  Earth ,  as  we  in  a 
fimilar  Pofition  have  a  Full  Moon.  And  from 
thence  arifes  that  dim  Light  which  is  obferved 
in  the  Old  and  New  Moons ,  whereby  befides  the 
bright  and  fiiining  Horns,  we  can  perceive  the 
reft  of  her  Body  behind  them,  tho’  but  dark 
and  obfcure.  Now  when  the  Moon  comes  to  be 
in  Oflpofition  to  the  Sun ,  the  Earth  feen  from  the 
Moon  will  appear  in  Conjunction  with  him,  and 
its  dark  fide  will  be  turned  towards  the  Moon, 
in  which  Pofition  the  Earth  will  difappear;  after 
the  lame  manner  as  the  Moon  does  difappear  to  us 
in  the  time  of  New  Moon,  or  her  in  Conjunction  with 
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the  Sun.  After  this  the  Earth  will  appear  to  the  LeCture 
Inhabitants  of  the  Moon  in  a  Horned  Form.  In  IX. 
a  Word  the  Earth  will  {hew  all  the  fame  Ap- 
pearances  to  the  Inhabitants  of  the  Moon  as  the 
Moon  does  to  us. 

ALTHO’  the  Moon  circulating  round 
Earth  defcribes  its  Orbit  in  the  Space  of  17  S, 
Days  and  feven  Hours,  which  fpace  of  Time  the  synodi- 
is  called  a  Periodical  Month;  yet  the  time  the  cal' 

Moon  takes  to  go  from  one  Conjunction  to  the 
next,  which  is  a  Synodical  Month  or  a  Luna- 
tion ,  is  greater  than  the  Periodical.  For  while 
the  Moon  in  its  proper  Orbit  hnilhes  its  Courfe, 
the  Earth ,  with  this  her  Companion  and  its  Or¬ 
bit,  are  going  on  their  way  round  the  Sun,  and 
are  advanced  almoft  a  whole  Sign  tovyards  the 
Eaft  ;  fo  that  the  Point  of  the  Orbit  which  in  the 
former  Pofition  was  placed  in  a  Right  Line  join¬ 
ing  the  Centers  of  the  Earth  and  Sun,  is  now 
more  IVefterly  than  the  Sun  :  And  therefore  when 
the  Moon  has  again  arrived  to  that  Point,  it  will 
not  yet  be  feen  in  Conjunction  with  the  Sun . 

FOR  let  A  B  reprefent  a  Portion  of  the  Or-  plate  V, 
bit  of  the  Earth,  and  when  the  Earth  is  in  T, 
fuppofe  the  Moon  in  L,  in  Conjunction  with 
the  Sun  in  S  :  while  the  Moon  leaves  the  Point 
L,  and  proceeds  in  defcribing  its  Orbit  L  A  CD  ; 
the  Earth  in  the  mean  time  by  its  Motion  round 
the  Sun  is  carried  in  the  Arch  T  t,  and  when 
it  is  come  to  t,  the  Orbit  of  the  Moon  is  in  the 
Pofition  /  a  c  d,  and  the  Point  of  the  Orbit  L 
will  now  be  in  the  Line  1 /,  which  is  Parallel  to 
the  former  Line  TL:  Hence  it  is  plain,  that 
when  the  Moon  has  come  to  /,  and  defcribed  its 
whole  Orbit,  that  it  is  not  then  arrived  at  a  Con¬ 
junction  with  the  Sun ,  but  it  muft  (till  go  further 
and  move  thro*  the  Arch  IM,  before  it  can  get 
between  the  Earth  and  Sun  :  And  fince  the  Moozz 
finifbes  her  Courfe  in  the  fpace  of  27  Days,  in 
that  time  the  Earth  will  have  compleated  an  Arch 
of  27  Degrees  in  the  Ecliptick  ;  now  the  Arch  / M 
and  Tt  are  alike  or  hmilar,  becaufe  the  Lines 
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Lecture L T,  and  It,  being  Parallel,  the  Angles  It  M  and 
IX.  L.SM  are  equal.  Bat  indeed  it  is  required  that: 
the  Moon  fhould  defcribe  a  greater  Arch  than 
i  M,  before  it  gets  between  us  and  the  Sun ,  be¬ 
cause  the  Earth  is  ftill  moving  on  in  the  mean 
time  :  And  therefore  the  whole  Lunation ,  or  time 
from  New  Moon  to  New  Moon,  is  not  finifhed  but 
in  the  fpace  of  29  Days  and  a  half ;  And  the 
Moon  does  every  Day  recede  from  the  Sun,  about 
The  diUT'  1  z  Degrees  and  fome  odd  Minutes,  which  is 
nai  Motion  ca|]:ecj  the  diurnal  Motion  of  the  Moon  from  the 

o  f  the  Moon 
fromtbe$un,Sun. 

I  F  the  Plane  of  the  Moons  Orbit  coincided 
with  the  Plane  of  the  Ecliptick,  that  is,  if  the 
Earth  and  Moon  moved  both  in  the  fame  Plane, 
the  way  of  the  Moon  in  the  Heavens  feen  from 
the  Earth,  would  be  exadlly  the  fame  with  the 
Circle  the  Sun  is  feen  to  defcribe  •  only  the  Sun 
would  be  obferved  to  defcribe  that  Circle  in  the 
fpace  of  a  Year,  which  the  Moon  does  in  a 
Month.  Now  in  reality  the  Plane  in  which  lies 
the  Moon's  Orbit,  is  not  coincident  with  the 
Plane  of  the  Ecliptick  :  but  thefe  two  Planes 
cut  one  another  in  a  Right  Line,  which  paffes 
thro*  the  Center  of  the  Earthy  and  ■  they  are  in- 
,  dined  to  one  another  in  an  Angle  of  about  five 
Degrees. 

Plate  V.  LET  A  B  be  a  Portion  of  the  Earth's  Orbit,' 
fig*  7*  T  the  Earth,  and  let  the  Circle  C  E  D  F  reprefent 
the  Orbit  of  the  Moon,  in  which  is  the  Center  of 
the  Earth:  with  the  fame  Center  T,  in  the  Plane 
The  Moon  of  the  Ecliptick,  let  there  be  defcribed  another 
Circle CGD H, whole  Semidiameter  may  be  equal 
to  the  Semidiameter  of  the  Moon’s  Orbit;  thefe 
two  Circles  being  in  different  Planes,  and  having 
the  fame  Center  T,  will  interfed:  each  other  in  a 
Line  D  C,  which  paffes  thro'  the  Center  of  the 
Earth  ;  and  C  E  D,  one  half  of  the  Orbit  of  the 
Moon,  will  rife  above  the  Plane  of  the  Circle 
CGH,  towards  the  North.  The  other  half  of 
the  Orbit  DPC  will  be  depreffed  below  it,  to¬ 
wards  the  South.  The  Right  Line  DC  wherein 
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the  two  Circles  cut  one  another,  is  called  the  Ledture 
Line  of  the  Nodes  *  and  the  Points  of  the  An-  IX. 
gles  C  and  D  arc  called  the  Nodes.  And  the 
Node  C,  where  the  Moon  aicends  Northward  The  Line 
above  the  Plane  of  the  Eciiptick,  is  called  the^^des^~ 
Amending  Node ,  and  the  Head  of  the  Dragon ,  an  deending 
is  thus  Marked  fh.  The  other  D,  from  whence  Wide,  or  the 
the  Moon  defeends  to  the  South ,  is  named  thejf™f°n  s 
Defcending  Node ,  and  the  "Tail  of  the  Dragon ,  The  De - 
which  by  the  Aftrojwmers  is  marked  in  this  man-^'”^f^ 
ner  19.  If  the  Line  of  the  Nodes  were  immove- Dragon’* 
able,  that  is  if  it  had  no  other  Motion  than  Tail> 
that  whereby  it  is  carried  round  the  Sun ,  it 
would  always  look  to  the  fame  Point  of  the 
Eciiptick;  that  is,  it  would  always  keep  Pa¬ 
rallel  to  it  felf,  as  we  (lie wed  the  Axis  of  the 
'  Earth  ought  to  do :  But  we  find  by  Obfervation 
that  this  Line  of  the  Nodes  does  confiantly  change 
its  Place,  and  fhifts  jts  Situation  from  Eaft  to 
Weft,  contrary  to  the  Order  of  the  Signs  ;  and 
by  a  Retrograde  Motion  finifhes  its  Circula-  TheRetro- 
tion  in  the  compafs  of  almoft  19  Years:  After 
which  time  either  of  the  Nodes  having  reced-  Nodes!* 
ea  from  any  Point  of  the  Eciiptick,  returns  to  • 
the  fame  again.  And  when  the  Moon  is  in  the 
Node,  (he  is  alfo  feen  in  the  Eciiptick. 

HENCE  it  is  evident,  that  the  Moon  can 
never  be  obferved  precifely  in  the  Eciiptick,  but 
twice  in  every  Period,  that  is  w’hen  file  enters 
the  Nodes ;  when  file  is  in  any  other  place  of  her 
Orbit,  (lie  deviates  from  it,  and  is  fometimes  near¬ 
er,  fometimes  further  removed  from  the  Eciip¬ 
tick,  according  as  file  happens  to  be  nearer,  or 
further  off  from  the  Nodes :  But  (lie  is  at  her 
greateft  Difiance  from  the  Nodes,  when  file  is 
in  the  Points  of  her  Orbit  E  or  F,  which  are 
the  middle  Points  between  the  Nodes ;  and 
thefe  Points  are  called  the  Limits.  The  Diftance  the  Limits 
of  the  Moon  from  the  Eciiptick  is  called  her  La-  The  Moon’* 
titude,  which  is  meafured  by  an  Arch  of  a  Cir-  Lautude* 
cle  drawn  thro’  the  Moon,  Perpendicular  to  the 
Eciiptick ;  the  Arch  of  this  Circle  intercepted 

H  2  between 


10O  astronomical 

Ledfcure  between  the  Moon  and  the  Ecliptick,  meafures 
X.  the  Moons  Latitude,  or  her  Diftance  from  the 
Ecliptick :  And  therefore  fuch  Circles  perpendi¬ 
cular  to  the  Ecliptick,  are  called  Circles  of  La¬ 
titude  ;  the  Latitude  of  the  Moon  when  it  is  at 
the  biggeft,  as  in  E  or  F,  does  never  exceed  five 
Degrees  and  about  eighteen  Minutes,  which 
Latitude  is  the  Meafure  of  the  Angles  at  the 
Nodes . 


LECTURE  X. 


Of  the  Inequalities  in  the  Lunar  Mo* 
tions .  The  Face  of  the  Moon,  her 

Mountains  and  V allies. 

BSERVATIONS  have  difco* 
vered  to  us  that  the  Diftance  of 
the  Moon  from  the  Earth  does 
conftantly  change;  fometimes  the 
Moon  comes  nearer  to  us,  feme- 
times  goes  further  from  us;  the 
reafon  of  which  is  becaufe  the  Moon  does  not 
move  in  a  circular  Orbir,  which  has  the  Earth 
for  its  Center :  But  the  real  Orbit  of  the  Moon 
is  of  an  Elliptick  Form,  fuch  as  is  reprefented 
Plate  Vi.  jn  the  Figure  ABPD,  one  of  whofe  Focus's  is 
f‘s‘  x*  always  the  Center  of  the  Earth ;  AP  is  the  great¬ 
er  Axis  of  the  Ellipfe  and  the  Line  of  the 

Tbs  Moon's  ^jf^es  ;  T  C  is  the  Eccentricity,  the  Point  A 
Apogoen  which  is  the  higheft  Apfis,  is  called  the  Apogeon 
and  Perige*  0f  the  Moon;  the  loweft  Apfis  which  is  the  Point 
on‘‘  P,  is  called  the  Perigeon,  in  which  the  Moon 

comes  neareft  the  Earth .  And  if  the  Orbit  of  the 
Moon  had  no  other  Motion  befides  that  where¬ 
with  it  is  carried  round  the  Sun,  it  would  al¬ 
ways 
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ways  retain  a  Pofition  parallel  to  it  felf,  and  Lecture 
would  always  point  the  fame  way,  and  be  ob-  X. 
ferved  in  the  fame  Point  of  the  Ecliprick  ;  and 
whenever  the  Moon  came  to  that  Point,  it 
would  conftantly  be  at  the  fame  Diftance  from 
us  :  But  this  Line  of  the  Apfides  is  likewife  cb- 
ferved  to  be  moveable,  and  to  have  an  Angular 
Motion  round  the  Earth  from  the  PVeft  towards  the 
Baft,  according  to  the  Order  of  Signs,  fo  that 
it  does  not  return  to  the  fame  Situation,  ’till 
after  the  fpace  of  almoft  nine  Years. 

THE  Motions  of  the  Moon,  and  that  of  her  The  fre- 
Orbit,  do  not  obferve  the  fame  Inequalities.  For 
firft:,  when  the  Earth  is  in  her  Aphelion ,  at  the  eft  be  mood* 
greateft  Diftance  from  the  Sun ,  the  Moon  being 
fo  likewife,  the  Moon  does  fomewhat  quicken 
her  pace,  and  performs  her  Circulation  in  lefs 
time.  On  the  contrary,  when  the  Earth  ap¬ 

proaches  nigheft  to  the  Sun  in  the  Perihelion , 
the  Moon  is  likewife  nearer,  and  then  fhe  flackens 
her  Motion  :  Upon  which  Account  it  is  that  the 
Moon  revolves  about  the  Earth  in  fhorter  time 
when  the  Earth  is  in  her  Aphelion ,  than  when  Hie 
is  in  her  Perihelion  ;  fo  that  the  Periodical 
Months  are  not  all  equal. 

Secondly ,  When  the  Moon  is  in  the  Sygygia,  syzy^ia. 
that  is,  in  the  Line  which  joins  the  Centers  of 
the  Earth  and  Sun  (which  may  be  either  in  her 
Qppolition  or  Conjunction)  all  other  things  being 
alike,  (lie  has  a  fwifter  Motion  round  the  Earth: 

But  in  the  Quadratures  (he  goes  flower. 

Thirdly ,  According  to  the  different  Diftance  of 
the  Moon  from  the  Syqygia,  that  is  from  Oppofi- 
tion  or  Conjunction,  fhe  changes  her  Motion; 
and  in  the  firft  Quarter  of  her  Motion,  that  is 
from  Conjunction  to  her  firft  Quadrature,  file 
lofes  fomething  of  her  fwiftnefs;  in  her  fecond 
Quarter,  from  the  Quadrature  to  her  Oppofition, 
fhe  encreafes  in  Velocity  :  In  her  third  Quarter 
from  Oppofition  to  the  laft  Quadrature,  fhe  a- 
gain  lofes  of  her  Motion  ;  and  from  that  Qua¬ 
drature  to  the  Conjunction,  fhe  again  recovers 
*'  H  5  her 
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Lecture  her  fwiftnefs.  This  Inequality  in  the  Moons  Mg- 
X.  tions  was  firft  discovered  by  the  Noble  Tycho, 
who  called  it  the  Moons  Variation. 

atioiT Va^'  Vwthly,  The  Moon  moves  in  an  Ellipfe, 
whofe  Focus  is  in  the  Center  of  the  Earth,  round 
about  which  {he  delcribes  4>‘oa's  proportional 
to  the  Times,  as  the  Primary  Planets  do  round 
the  Sun  •  whence  the  Motion  of  the  Moon  mud  be 
quickeft  in  the  Perigeon,  and  flowed  in  the 
Ajpogeon. 

The  Orbit  Fifthly ,  The  very  Orbit  of  the  Moon  is  change-" 

°fndeits°Ex-  and  does  nor  always  keep  the  fame  Figure  ; 
centricity  but  its  Excentricity  does  now  and  then  grow 
changeable,  greater,  and  now  and  then  it  diminishes:  And 
it  is  greateft  when  the  Line  of  the  Apfides  is  coin¬ 
cident  with  the  Sy^ygia,  or  is  in  the  Line  which 
joins  the  Centers  of  the  Sun  and  Earth  ;  And 
the  Excentricity  is  the  lead:  when*  the  Line  of 
the  Apfides  cuts  the  other  at  Right  Angles. 
The  difference  between  the  greated  and'  lead: 
Excentricity  is  fo  considerable,  that  it  exceeds 
the  half  of  the  lead  Excentricity. 

The  Apo-  Sixthly ,  The  very  Apogeo?i  of  the  Moon  ha$ 

geon  has  an  an  unequal  Motion,  apd  Sometimes  moves  forward, 
unequable  ,  r  x  .  ,  ,  ,  ,  ..  . 7 

and  lometimes  backwards :  when  it  is  coinci¬ 
dent  with  the  Sy^ygial  Line,  its  Motion  is  for¬ 
ward  ;  but  when  it  curs  that  Line  at  Right  An¬ 
gles,  its  Motion  is  backwards,  and  its  progrefs, 
and  re g refs  are  noways  equal.  But  when  the 
Moon  is  in  her  Quadratures  with  the  Sun ,  the  A  go- 
goon  goes  but  Slowly  forward,  or  even  may  Stand 
Rill,  or  go  backwards.  But  when  the  Moon 
comes  to  be  Oppolite  or  conjoined  to  the  Sun, 
the  Apogeon  has  a  quick  Motion  forward. 

Seventhly ,  The  Motion  of  the  Nodes  is  not  at 
all  uniform,  for  ■when  the  Line  of  the  Nodes  coin¬ 
cides  with  the  Line  of  the  Sy^ygia,  then  they 
dand  dill  without  any  Motion  3  but  when  they 
cut  that  Line  at  Right  Angles,  they  go  back¬ 
wards,  or  from  Eaft  to  Weft  with  a  confiderably 
quick  Motion.  The  mod  Sagacious  Sir  ISAAC 
NEWTON- was  the  Erd,  and  the  only  Man, 

who 
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who  has  dilcovered  the  true  Caufes  of  al!  thefe  Le4Iure 
Inequalities ;  and  has  demonftrated  that  they  X. 
all  arife  according  to  the  Laws  of  Mechanifm, 
from  the  Theory  of  Gravitation  of  Matter  to 
Matter  :  It  is  very  furpriiing  that  the  Moon ,  which 
of  all  the  Heavenly  Bodies  is  neareft  to  us, 
fliould  be  of  fuch  difficult  Accels ;  and  that  it 
fhould  be  fo  hard  to  find  out  her  Ways,  and  the 
Caufes  of  all  her  Irregularities. 

THE  only  equal  Motion  of  the  Moon  is  The  Moon 
that,  wherewith  fhe  turns  round  her  Axis  in  ™ovcs 
the  fame  time  that  fhe  moves  round  us  in  her  ^Yxts  ^ 
Orbit,  from  whence  it  comes  to  pals,  that  Ihe 
always  keeps  the  fame  Face  towards  us.  But 
this  very  equability  in  Rotation,  is  the  Caufe  of 
an  apparent  Inequality;  that  the  Moon  appears  to 
librate  about  its  Axis  fometitnes  from  the  Eaft  to 
the  Weft,  and  now  and  then  from  the  Weft  to  the 
Eaft  •  and  that  fome  Parts  in  the  Weftern  Iamb 
or  Margin  of  the  Moon  recede  from  the  Center 
of  the  Disk,  and  fometimes  they  move  towards 
it.  Some  of  thefe  Parts  which  were  before  vili- 
ble,  fet  and  hide  themfelves  in  the  invifible  fide 
of  the  Moony  and  afterwards  become  again  con- 
fpicuous.  Such  a  Motion  in  the  Moon  is  called 
her  Libration ,  and  it  arifes  from  the  unequal  TbeMoorp^ 
Motion  of  the  Moon  in  the  Perimeter  of  her  1 'bratixi* 
Orbit :  For  if  the  Moon  moved  in  a  Circle, 
whofe  Center  coincided  with  the  Center  of  the 
Earth ,  and  turned  round  its  Axis  in  the  precife 
time  of  its  Period  round  the  Earth  ;  in  that  cafe 
the  Plane  of  the  fame  Lunar  Meridian  would  al¬ 
ways  pafs  thro’  the  Earth  ■  and  the  fame  Face  of 
the  Moon  would  be  conftantly  and  exadlly  turn¬ 
ed  towards  us.  But  lince  the  real  Motion  of  the 
Moon  is  in  an  Elliple,  in  whofe  Focus  is  the  Earthy 
and  the  Motion  of  the  Moon  about  her  Axis  is 


equable;  or  which  is  the  fame  thing,  every  Me¬ 
ridian  of  the  Moon  by  this  Rotation  deferibes 
Angles  proportional  to  the  Times,  the  Plane  of 
no  one  Meridian  will  conftantly  pafs  thro’  the 
firth.  “ 
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Le£ture  FOR  let  ALP  be  the  Orbit  of  the  Moon', 
X.  in  whofe  Focus  is  the  Earth  in  T,  and  when  the 
Moon  is  in  A,  its  Meridian  MN  produced  will 
P^e  V *  Pa^s  t^iro*  t^ie  :  And  if  the  Moon  only  revol- 

06  *  ved  in  her  Orbit,  without  any  Motion  round  an 
Axis,  the  fame  Meridian  M  N  would  always 
keep  a  Pofition  parallel  to  it  felf ;  fo  that  when 
the  Moon  comes  to  L,  the  Meridian  MN  would 
be  in  the  Pofition  P  Q.  which  is  parallel  to  M  N, 
but  on  the  account  of  the  equable  Rotation,  the 
Meridian  M  N  changes  its  Situation,  and  de- 
feribes  Angles  proportional  to  the  Times ;  fo 
that  in  the  Periodical  time  of  the  Moons  Revolu¬ 
tion  round  the  Earth ,  it  deferibes  four  Right 
Angles;  and  therefore  in  L  it  will  have  the 
Pofition  mLn;  fuch  that  the  Angle  QLn 
may  have  the  fame  proportion  to  a  Right  An¬ 
gle,  as  the  Time  the  Moon  takes  to  deferibe 
the  Arch  AL,  has  to  a  fourth  part  of  the  Peri¬ 
odical  time.  But  the  time  the  Moon  takes  to 
deferibe  the  Arch  A  L,  is  to  the  fourth  part  of 
the  Periodical  time,  as  the  Area  ATL  is  to  the 
Area  ACL,  that  is  to  -£  part  of  the  Area  of  the 
Ellipfe:  Therefore  the  Angle  QLn  will  be  to  a 
Right  Angle  in  the  fame  proportion.  But  the 
Area  AT L  is  greater  than  the  Area  ACL,  or 
than  the  fourth  part  of  the  Area  of  the  Ellipfe  : 
s  The  Angle  therefore  QjLn  will  be  bigger  than  a 
Right,  or  bigger  than  QLC;  but  Q.LC  is 
bigger  than  QL  T,  wherefore  QLN  will  be  much 
bigger  than  QLT.  The  Meridian  therefore 
MN,  whofe  Plane  paffed  thro’  the  Earth ,  when 
the  Moon  was  in  A,  now  the  Moon  is  arrived  at 
L,  does  not  look  towards  the  Earth :  And  there¬ 
fore  the  Hemifphere  of  the  Moon  which  is  to¬ 
wards  the  Earth ,  the  Moon  being  at  L,  is  not  the 
fame  with  that  which  was  towards  the  Earth 
when  the  Moof  was  in  A  ;  and  thole  Parts  of  the 
Moons  Surface  beyond  Q,  will  come  under  Ob- 
fervation,  which  before,  when  the  Moon  was  in  A, 
were  not  to  be  feen,  being  in  the  fide  of  the 
Moon  quite  oppofire  to  us.  But  as  fcon  as  the 

Moon 
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Moon  arrives  at  her  Perigcon  P,  then  the  Meri-  Lecture 
dian  MN  has  defcribed  in  its  Rotation  a  Semi-  X. 
circle;  and  then  again  its  Plane  pafles  thro’  the  Earthy 
and  the  former  Point  N  will  be  diredtly  towards  us* 
and  be  in  the  Center  of  the  Disk.  Hence  it  is 
evident  that  this  Librntion  of  the  Moon  is  refto- 
red  twice  in  each  Period  of  the  Moon ,  that  is 
when  file  comes  to  her  slpogeon  and  Perigeon. 

I  F  the  Surface  of  the  Moon  were  fmooth  and  Tyc 
polifhed  like  a  Looking  Glafs,  it  would  not  then  face  of  tbe 
reflect  Light  upon  all  (ides  and  every  way;^c’°"?J^~ 
but  it  would  fhew  us  only  in  fome  Portions 
the  Image  of  the  Sun,  no  bigger  than  a  Point* 
but  with  an  immenfe  Luftre.  But  as  in  all  our 
Earthly  Bodies,  fo  in  the  Moon,  its  Surface  is 
very  rough  and  uneven  ;  upon  which  account  it 
diffufes  the  Light  by  reflecting  it  to  all  fides, 
without  producing  any  Image  of  the  Sun,  as 
polifhed  GlalTes  do. 

BUT  the  Surface  of  the  Moon  is  not  only  A  Demon- 
rough  and  uneven,  but  there  are  upon  it  mo ration  that 
prodigious  high  Mountains,  and  deep  Vaflies, 
which  cover  the  whole  Face  of  the  Moon  :  This  intbe  Moon, 
we  thus  prove.  If  there  were  no  Parts  in  the 
Moon  higher  than  the  reft,  no  Prominent  Points, 
then  a  Right  Line  in  the  Dichotomy  or  Quadra¬ 
ture,  and  anElliptick  Line  in  all  the  other  Phafes 
would  terminate  the  light  and  dark  parts  of 
the  Disk :  But  when'  the  Moon  is  viewed  with 
a  Telelcope,  we  find  that  there  is  no  regular  Line 
which  feparates  Light  and  Darknefs  in  the  Moon\ 

Surface,  but  the  Confines  of  thefe  Parts  appear  as 
it  were  toothed  ,  and  cut  with  innumerable 
Notches  and  Breaks;  and  even  in  the  dark 
Parr,  near  the  Borders  of  the  lucid  Surface, 
there  are  feen  fome  fmall  Places  cnlightned  by  the 
Sun  s  Beams :  And  upon  the  fourth  Day  after 
A>rp  Moon ,  there  may  be  perceived  fome  fhining 
Points,  like  Rocks  or  fmall  Iflands,  within  the 
dark  Body  of  the  Mocn\  but  not  far  from  the 
Confines  of  Light  and  Darknefs,  there  are  ob~ 
ferved  other  little  Spaces  which  join  to  the  en- 
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lightned  Surface,  but  run  out  into  the  dark 
fide  i  which  by  degrees  change  their  Figure,  ’til! 
at  laft  they  come  wholly  within  the  illuftrated 
Face,  and  have  no  dark  Parts  round  thetn  :  After¬ 
wards  we  obferve  many  more  fliining  Spaces  to 
arife  by  degrees,  and  to  appear  within  the  dark 
fide  of  the  Moon ,  which  before  they  drew  near 
to  the  confines  of  Light  and  Darknefs,  were  invi- 
iible  3  being  without  any  Light,  but  wholly  im- 
merfed  in  the  Shadow.  The  contrary  is  obfer- 
ved  in  the  Decreaflng  Phafes,  where  the  lucid 
Spaces  which  joined  the  illuminated  Surface,  by 
degrees  recede  from  it ;  and  after  they  are  fepa- 
rated  quite  from  the  Confines  of  Light  and  Dark¬ 
nefs,  remain  for  iometime  vifible,  ’till  at  laft  they 
alfo  difappear :  Now  it  is  impoflible  that  this 
Ihould  be,  unlefs  thefe  fliining  Points  were  high¬ 
er  than  the  reft  of  the  Surface,  fo  that  the  light 
of  the  Sun  may  reach  them. 

THESE  fhining  Points  fituated  in  the  Moons 
Surface,  without  the  Confines  of  the  illuminated 
Surface,  are  the  Tops  of  very  high  Mountains, 
which  riling  far  above  the  other  Parrs  of  the 
Surface,  are  looner  reached  by  the  Sun  s  Beams, 
and  remain  longer  in  the  Light,  than  the  reft  of 
the  Parts  do  which  are  lower.  Befides  thefe,  we 
likewife  obferve,  even  in  the  illuminated  Face  of 
the  Moony  many  dark  and  obfeure  Spots,  which 
feem  to  be  only  Caverns,  or  large  Cavities ;  on 
which  the  Sun  fhining  very  obliquely,  and  touch¬ 
ing  only  their  upper  edge  with1  his  Light,  the 
deeper  places  remain  without  Light :  but  as  the 
Sun  riles  higher  upon  them,  they  receive  more 
Light,  and  the  Shadow  or  dark  Parts  grows  fmal- 
er  and  fliorter,  hill  the  Sun  comes  at  laft  to  fhine 
diredlly  upon  them  ;  and  then  the  whole  Cavi¬ 
ty  will  be  illuftrated,  and  the  Parts  which  were 
oblcure  before,  will  then  look  as  bright  as  the 
Tops  of  the  Mountains.  From  thefe  conftant  Ob- 
fervatioris  it  is  plain  to  a  demonftration,  that  the 
Moons  Face  is  covered  with  Mountains  in  fome 
places,  and  that  in  others  it  is  euf  with  deep  Pits 
and  Caverns.  THE 
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THE  Lunar  Mountains  are  much  higher  in  Ledture 
proportion  to  the  Body  of  the  Moon ,  than  any  X. 
Mountain  upon  our  Globe;  for  the  Geometers 
can  take  the  Height  of  them  as  eafily  as  he  can 
End  the  Meafure  of  a  Mountain  upon  our  Earth : tains  higher 
The  way  of  finding  the  Height  of  a  Lunar  than  the 
Mountain  is  this,  Let  E  G  D  be  the  Hemifphere  ^^Eanh 
of  the  Moon  illuminated  by  the  Sun,  and  ECD  p.ate  vi/ 
the  Diameter  of  the  Circle  bounding  Light  and  3* 
Shadow,  A  the  Top  of  a  Hill,  within  the  dark 
Part  when  it  firft  begins  to  be  illuminated.  Ob- 
ferve  with  a  Telefcope  the  Proportion  of  the 
Right  Line  A  E,  or  the  Diftance  of  the  Point  A 
from  the  lucid  Surface,  to  the  Diameter  of  the 
Moon  ED;  and  becaufe  in  this  cafe  the  Ray  of  0f 
light  E  S  touches  the  Globe  of  the  Moon ,  A  E  C  nng  than. 
will  be  a  Right  Angle,  by  the  1 6th  Prof.  Book 
third  of  Euclid :  And  therefore  having  in  the 
Triangle  A  EC,  the  two  fides  AE  and  EC,  we 
can  find  out  the  third  fide  A  C ,  from  which 
fubdudting  B  C,  or  E  C,  there  will  remain  A  B, 
the  Height  of  the  Mountain.  Eicciolus  affirms, 
that  upon  the  fourth  Day  after  New  Moon ,  he  has 
obferved  the  Top  of  the  Hill  called  St,  Katherin 
to  be  illuminated,  and  that  it  was  diftant  from 
the  Confines  of  the  lucid  Surface,  about  a  fix- 
teenth  part  of  the  Moon  s  Diameter,  or  an  eighth 
part  of  her  Semidiamerer.  And  therefore  if  C  £ 
be  8,  AE  will  be  1  •  and  the  Square  of  AC 
wall  be  equal  to  the  Squares  of  C  E  and  E  A, 
by  Prop.  47,  Book  firft  of  Euclid.  Now  the 
Square  of  CE  being  64,  and  the  Square  of  AE 
being  1,  the  Square  of  A  C  will  be  65,  whofe 
Square  Root  is  8,061  which  expreffes  the  length 
of  AC:  From  thence  deducting  B  C  —  8,  there 
will  remain  A  B  =  c,o 62.  So  that  C  B  or  C  E  is 
therefore  to  A  B,  as  8  is  to  0,062  ;  that  is,  as  800 
to  62:  And  therefore  fince  the  Semidiameter  cf 
the  Moon  ls  1182  Miles;  if  we  make  the  pro¬ 
portion  as  800  to  62,  fo  1182  is  to  9  ;  we  (hall 
have  9  Miles  for  the  Height  of  that  Mountain, 
which  is  therefore •  three  rimes  higher  than  the 
Tops  of  our  higheft  Hills  cn  Earth. 

W  H  O- 


io8  ASTRONOMICAL 

Ledure  WHOEVER  fhall  Contemplate  the  Face  of 
X.  the  Moon  with  a  TeJefcope,  will  difcern  it  diftin- 
guifhed  with  an  admirable  variety  of  Spots  fome 

rietiestobe  ^arts  have  a  moft  bright  Luftre,  and  fome  Philo- 
obferved  in  fophers  have  imagined  them  to  be  Rocks  of  Dir 

*be Moon  ^  amon<^s  ’  ot^ers  ^ave  compared  them  to  Pearls, 
£l  00n*  or  fome  precious  Stones.*  But  they  feem  to  be 
the  Solid  parts  of  high  Mountains,  which  are 
endued  with  a  quality  whereby  they  ftrorigly 
refled:  the  Light.  There  are  again  other  Places 
and  Parts  of  the  Moons  Face,  and  they  are 
not  a  few  nor  final!,  which  look  dark,  and  of  a 
duskifli  Colure,  which  the  Philofophers  have  fanci¬ 
ed  to  be  Seas,  Lakes,  and  Fens :  But  yet  we 
There  are  fincf  t£at  they  cannot  be  Seas  ,  nor  any  thing 
of  a  Liquid  fubftance,  for  when  they  are  look¬ 
ed  at  with  a  good  Telefcope,  we  find  they  con- 
fift  of  an  infinity  of  Caverns  and  empty  Pits, 
whofe  Shadows  fall  within  them ;  which  can 
never  be  in  a  Sea  or  liquid  Body.  Thefe  black 
Spots  therefore  cannot  poflibly  be  Seas :  But 
they  confift  of  fome  darker  and  fad  coloured 
Matter,  which  does  not  refled  the  Light  fo 
ftrongly  as  the  Solid  and  fhining  Mountains  do. 
But  even  within  thefe  dark  Spots  we  obferve 
fome  Bodies  of  a  brighter  Light,  wherewith  they 
out-fhine  the  reft. 

No  Clouds.  THERE  feems  to  be  no  Clouds  nor  Va¬ 
pours  in  the  Moon,  from  whence  Rain  may  be 
generated :  For  fuch  Clouds  would  lometimes 
cover  the  Face  of  the  Moon ,  and  hide  fome 
of  its  Regions  from  our  fight,  which  we  never 
obferve  them  to  do  :  But  in  the  Moon  there 
is  a  conftant  Serenity,  without  any  dark  Weather  ; 
and  when  there  are  no  Clouds  in  our  Air, 
the  Moon  conftantly  appears  with  the  fame  Lu¬ 
ll  re.  It  is  probable  Kkewife  that  the  Moon  has 
no  Atmofphere  to  furround  it.  For  the  Planets 
and  Stars ,  which  fometimes  are  fecn  very  near 
its  Limb,  have  not  their  Light  refraded,  as  it  is 
when  it  paffes  thro’  our  Atmofphere. 
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THE  Aflxonomtrs  have  drawn  the  Face  of  Le&ure 
the  Moon ,  according  as  ic  is  feen  with  the  belt  XI. 
Telefcopes,  for  which  we  are  obliged  to  the  ac- 
curate  Labours  of  thele  Famous  Selenographers  T^e^ee^ 
Elorentius  Langrenus,  John  Hevelius  of  Dant^ig,  0r  Alirono** 
Grimaldus  and  Pjcciolus,  Italians ;  who  have  mers  wlw 
taken  particular  Care  to  note  all  the  fliining  tbfcn~ 
Parts  of  the  Moons  Face,  and  for  the  better  di- Moon’i-Swr- 
ftinguifhing  them,  they  have  given  to  each  Part/**- 
a  proper  Name.  Langrenus  and  I{icciolus  have 
divided  the  Lunar  Regions  among  the  Philofophers 
and  Aftronomers,  and  other  eminent  Men :  But 
Hevelius  fearing  lealt  the  Philofophers  Ihould.  quar¬ 
rel  about  the  Divilion  of  the  Lands,  has  fpoiied  them 
of  this  their  Property ;  and  gives  the  Parts  of  the 
Moon  thole  Geographical  Names  that  belong  to 
the  different  Illands,  Countries  and  Seas  of  our 
Earth ,  without  any  regard  to  Situation  or  Figure. 
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LECTURE  XI. 

Of  the  Ohfcurations  or  Eclipfes  of  the 

Sun  and  Moon. 

HERE  is  nothing  in  Aftronom? 
which  fhews  the  great  Sagacity 
of  Human  Underftanding,  and 
its  deep  Penetration,  more  than 
a  clear  Explication  of  the  fud- 
dain  Difappearings  of  the  Sun 
and  Moony  that  is,  of  their  Eclip¬ 
fes  ;  and  the  accurate  Predictions  when  they 
are  to  come  to  pafs,  which  the  Aftronomers  can 
now  foretel  almoft  to  a  Minute.  Tho’  this  be 
the  niceft  and  molt  fubtle  Speculation  of  our  Sci¬ 
ence,  yet  it  is  certain  and  nndoubrable,  than 

which 
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Letfture  which  nothing  can  be  more  Sublime,  or  toor- 
XI.  thy  of  our  Contemplation. 

The  word  Eclipfe  is  derived  from  the  Greel i 
wyCJtl^L  whim co,  which  dignifies  to  Faint,  or  to  Swoon 
away  :  So  Sick  and  dying  Perlons  when  a  fwoon- 
iftg  Fit,  and  a  Death-like  faintnefs  comes  over 
them,  were  laid  by  the  Greeks  to  fall  into  an  E- 
clipfe  :  After  the  lame  manner  the  Moon ,  when 
file  Shines  with  a  full  Face,  if  fhe  falls  into  the 
Shadow  of  the  Earth,  does  lofe  the  enlivening 
Beams  of  the  Sun  s  light,  and  grows  Pale  as  if  fhe 
were  about  to  Dye.  And  the  Sun  again  when 
the  Moon  interpofes  her  Body,  and  deprives  us 
of  his  Heat  and  Light;  tho’  in  himfelf  he  re¬ 
tains  his  Luftre,  yet  to  us  he  feems  to  vanifh 
and  grow  dark.  At  luch  times  the  Sun  and  Moon 
are  faid  to  fuffer  and  fall  into  an  Eclipfe.  Thefe 
Eclipfes  muft  be  here  Explained:  and  that  we  may 
begin  from  the  firft  Principles. 

A  shadow  IT  is  to  be  obferved  that  all  Opake  and 
dark  Bodies,  when  they  are  expofed  to  the  di¬ 
rect  light  of  the  Sun ,  call  a  Shadow  behind 
them,  that  is  oppolite  to  the  Line  the  Sun  is  in. 
This  Shadow  is  nothing  but  the  Iofs  or  Priva¬ 
tion  of  light  in  the  Space  oppolite  to  the  Sun , 
by  reafon  the  Sun  s  Rays  are  intercepted  by  the 
opake  Body.  Now  lince  the  Earth  is  an  opake 
Body,  it  muft  likewife  call  a  Shadow  towards  the 
Space  oppolite  to  the  Sun  ;  in  which  Space  if  the 
Moon  fhould  come,  it  muft  neceffarily  be  dark-- 
ned,  and  lode  the  Light  which  it  had  before  from 
Plate  vi.  the  Sun.  And  becaule  the  Figure  of  the  Earth 
Bg.  4, 5,  <5.  js  Spherical,  the  figure  of  the  Shadow  would  be 
Cylindrical,  if  the  Earth  and  Sun  were  of  equal 
'  bignefs ;  or  if  the  Earth  were  bigger  than  the  Sun,  the 
Shadow  would  have  the  figure  of  a  Cone  which  had 
loft  a  peice  at  his  Top  or  Vertex  ;  and  the  farther  it 
were  extended,  would  grow  thicker  and  thicker. 

The  figure  AND  in  both  thefe  Cafes,  the  Shadow  would 
%^JC  a ‘  run  out  ^nt0  ^finite  Space,  without  ever  having 
an  end :  And  then  it  would  involve  fometimes 
the  other  Vianet s7  Mars7  Jupiter  and  Saturn ,  with¬ 
in 
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In  ir,  when  they  come  to  be  opposite  to  the  Sun ,  Ledhire 
and  enter  within  that  Space :  But  this  is  never  XL 
obferved,  for  then  theie  Planets  would  be  E-U^Y^J 
clipfed :  And  therefore  the  Sun  muft  neceffarily  be  f)-Tbeef 
greater  than  the  Earth ,  whofe  Shadow  muft  con-  tin?  Earth.' 
fequently  be  of  a  Conical  Figure,  and  end  in 
a  Point. 

BUT  the  Moon ,  fince  its  Diameter  is  con¬ 
tained  about  three  times  in  the  Diameter  of 
the  Shadow,  and  the  Diameter  of  the  Shadow 
is  lefs  than  that  of  the  Earth ,  muft  needs  be  much 
lefs  than  our  Earth. 

LET  S  reprefent  the  Sun ,  T  the  Earth ,  and  Plate  VI. 
the  Cone  ABC  the  Shadow.  It  is  evident  there  ?* 
can  be  no  Line  drawn  from  the  Sun ,  to  any 
Point  of  the  Space  ABC,  which  does  not  fall 
upon  the  Earth  :  And  therefore  fince  the  Earth  is 
an  opake  Body,  it  will  not  fuffer  .  any  Rays  to 
pafs  thro’,  or  to  illuftrate  the  Space  ABC. 

Now  if  the  Moon  when  fhe  is  oppofite  to  the  Sun 
fliould  come  into  this  Space,  ihe  muft  then  be 
involved  in  Darknefs  ;  and  would  then  fuffer 
an  Eclipfe  in  the  very  time  of  Full  Moon. 

THE  Moon  likewife  upon  the  fame  account 
muft  have  a  Shadow  of  a  Conical  figure  op-  irbcn there 
polite  to  the  Sun;  and  if  this  Shadow  fliould can  happen 
fall  upon  the  Earth ,  which  can  never  happen  but^^aon, 
when  the  Moon  is  in  Conjunction  with  the  Sun , 
the  Inhabitants  of  the  Earth ,  on  whom  the  Sha¬ 
dow  falls,  will  be  involved  in  Darknefs ;  and  the 
Sun  will  feem  to  them  to  be  in  an  Eclipfe,  fo 
long  as  the  Shadow  covers  them  :  But  becaufe 
the  Moon  is  much  lefs  than  the  Earthy  its  Shadow 
can  never  cover  the  whole  Earth ,  but  only  a  lmali 
Part  of  it,  fuch  as  BC:  And  within  that  Space 
only  where  the  Shadow  comes,  there  will  bePJat^vlT’ 
total  Darknefs ;  and  the  reft  of  the  circumjacent 
places  will  be  illuftrated  with  fome  of  the  Sun  s 
beams,  and  their  Inhabitants  will  only  fee  a  part  of 
the  Sun  s  Disk  obfeured  ;  which  will  be  greater 
or  lefs,  according  as  they  arc  nearer  or  further 
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Lecture  removed  from  the  Shadow,  particularly  they  who 
XL  live  about  P,  will  fee  half  the  Sun  Eclipfed  :  But 
whofoever  lives  between  M  and  N,  will  fee  at 

plates  of  the  ^ame  t£rne  aB  t^ie  ^un  s  BodY»  and  perceive  no 
Earth  anE-  Ecliple. 

chpfe maybe  HENCE  it  is  ttianifeft  that  there  can  be  no 
Iters  parti-  Eclipfe  of  the  Moon  but  in  Full  Moons ,  when  fhe 
at,  and  in  o- is  oppofite  to  the  Sun  y  as  the  Shadow  always  is. 
*f£rsnoneat  Nor  can  there  be  any  Eclipfe  of  the  Sun  but  in 
ivben  an  New  Moons ,  when  fhe  is  in  Conjun&ion  with  the 
^chp/e  of  Sun  ;  for  then  only  can  fhe  caft  her  Shadow  on 
ttynsT  Earth.  Since  therefore  in  every  Month  there 

is  one  Fttll  Moon  and  one  New  Moon  ;  it  may  be 
asked  how  it  comes  that  the  Sun  and  Moon  do 
not  fuffer  Eclipfes  every  Month.  And  indeed  if 
the  Moon  did  always  move  in  the  Plane  of  the 
Ecliptick,  fince  the  Axis  of  the  Shadow  is  always 
in  the  fame  Plane,  the  Moon  would  then  every 
Full  Moon  pafs  thro*  the  Body  of  the  Shadow, 
and  there  would  be  a  total  Eclipfe  of  the  Moon . 
So  likewife  in  every  New  Moon ,  if  fhe  were  not 
then  too  far  off  us,  fhe  would  caft  her  Shadow 
on  the  Earth ,  and  produce  an  Eclipfe  of  the  Sun , 
in  fome  or  other  of  the  Regions  of  the  Earth .  But 
the  Cafe  is  otherwife,  for  we  have  fliowed  that 
the  Plane  of  the  Moons  Orbit,  does  not  coincide 
with  the  Plane  of  the  Ecliptick  ;  but  that  it  cuts 
it  in  a  Line  which  paffes  thro’  the  Center  of  the 
Earth :  And  therefore  the  Moon  is  never  in  the 
Plane  of  the  Ecliptick,  but  when  it  is  in  this 
Line,  which  is  the  Interledlion  of  the  two  Planes, 
that  is,  when  it  enters  the  Nodes.  And  therefore 
when  it  happens  that  the  Moon  at  Fully  fhall 
likewife  be  in  one  of  the  Nodes  •  then  the  Axis 
of  the  Shadow  will  pafs  thro’  the  Center  of  the 
Moon ,  and  then  file  will  be  in  a  Total  and  Cen- 
flateVit.  tral  Ecliple.  Let  the  Circle  MN  reprefent  the 
Totafand  tranfverfe  Secftion  of  the  Shadow,  at  the  Diftance 
central  e- of  the  Moon ;  and  the  Line  CD  a  Portion  of 
chpfe  s  of  the  the  Orbit  of  th  eMoon,  which  the  Moon  defcribes  in 
the  time  of  Full  Moon  •  which  becaufe  it  is  but 
a  (mail  Portion,  may  be  well  enough  reprefented 
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by  a  Right  Line:  Let  the  Right  Line  BG  A,  be  Le&ure 
in  the  Plane  of  the  Ecliptick,  and  let  F  be  the  XI. 
Pofition  of  the  Moons  Center  when  Ihe  firft 
touches  the  Shadow,  E  the  Pofition  of  the  fame 
Center  when  flie  firft  leaves  it  :  G  the  fame 
Center  of  the  Moon  when  the  Axis  of  the 
Shadow  pafies  thro’  it :  It  is  evident,  that  fuck 
an  Eclipfe  will  be  Central  and  Total;  and 
there  will  always  be  fuch  Eclipfes  when  the 
Center  of  the  Moon  and  Axis  of  the  Shadow 
meet  in  the  Nodes.  Hence  the  Duration  or  time 
that  an  Eclipfe  can  laft,  may  be  as  long  a$ 
the  Moon  is  palling  thro*  an  Arch>  that  is  equal 
to  E  F,  or  four  Diameters  of  the  Moon,  that 
is,  about  two  Degrees,  which  Space  the  Moon 
generally  moves  thro*  in  the  fpace  of  four 
Hours. 

£  E  C  A  U  S  E  of  the  Iargenefs  of  the  Dia- 
meter  of  the  Shadow  in  comparifon  of  that  of 
the  Moon,  there  may  be  Total  Eclipfes  which 
are  not  central,  where  the  Node  does  not  Coin-' 
cide  with  the  Axis ,  and  may  even  lye  without 
the  Shadow,  as  the  Figure  fufficiently  (hews.  Plate  Vir, 
The  Node  may  likewile  be  at  fuch"  a  diftance 
from  the  Shadow,  that  there  may  be  only  a  part  of 
the  Moons  Body  that  can  enter  it,  and  then 
We  lhall  have  a  Partial  Eclipfe  of  the  Moon,  -paniai 
as  is  manifeft  by  the  Figures:  and  thele  Par- Edipfet. 
tial  Eclipfes  will  be  greater  or  lefs,  according  p^te 
as  the  diftance  of  the  Node  from  the  Shadow  4 i  * 

is  Ids  or  greater.  But  when  it  happens  that 
the  Node,  in  the  time  of  FuH  Moon ,  is  further 
removed  from  the  Axis  of  the  Shadow  than 
Twelve  Degrees,  the  Moon  then  will  have  fo 
much  Latitude,  or  its  diftance  from  the  Eclip¬ 
tick  will  be  fo  great,  that  it  cannot  be  oblcur- 
ed  by  the  Shadow\ 

AS  the  Shadow  of  the  Earth  caft  upon  the 
Moon  produces  an  Eclipfe  of  the  Moon,  fo  if  *  n  ' 
the  Shadow  of  the  Moon  Ihould  fall  upon  the 
Earth,  it  will  caufe  an  Eclipfe  of  the  Earth ,  at 
leaft  on  that  part  of  the  Earth  on  which  the 
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falls.  For  the  Moon  being  much  lefs 
tb&v.  che  Earth,  cannot  with  its  Shadow  involve 
the  whole  Disk  of  the  Earth ,  but  only  a  very 
fntall  part  of  it;  and  fo  all  the  Eclipfes  of  the 
Earth  will  be  Partial  and  not  Total;  and  fueh 
Eclipfes  will  only  produce  a  darknefs  upon  thofe 
places  where  the  Shadow  falls,  and  the  Inha¬ 
bitants  within  this  Shadow  will  only  lee  the 
Sun  Totally  darkned,  and  therefore  they  will 
call  them  Eclipfes  of  the  Sun :  but  this  is  im* 


properly  attributed  to  the  Sun ,  who  all  the 
time  retains  his  Light  without  the  leal!  dimi¬ 
nution  ;  and  it  is  only  thofe  Inhabitants  of  the 
Earth  that  are  under  the  Shadow,  that  are  truly 
Eclipfed  and  involved  in  Darknefs. 

THAT  we  may  defcend  more  particularly 
to  explain  the  Phenomena,  or  Appearances  of  E- 
tlipfes ;  it  will  be  requifite  to  fliew  the  Me¬ 
thod  of  Meafuring  the  dimenlions  of  the  Co¬ 
nical  Shadows  of  both  Earth  and  Moon:  For 
which  purpofe  we  will  firft  lay  down  the  fol¬ 
lowing  PojluUtum.  If  from  the  Center  of  the 
1  foes  dram  Suny  there  be  drawn  Right  Lines  to  every 
center  cf  the  F°inC  of  the  Earth ,  or  to  as  many  as  you 
Son  to  any  pjeafe,  thefe  Lines  may  all  of  them  be  efteem- 
itS  ed  as  Parallel.  For  Parallel  Lines  are  fuch  as 
&e  reckoned  do  not  meet  till  they  are  produced  to  an  In* 
asfaraUeU  finite  diftance;  and  therefore  fuch  Lines  as  do 
not  meet  but  at  a  diftance  immenfly  great,  in 
'  comparifon  of  the  diftance  of  the  Lines  from 
one  another,  are  nearly,  or  as  we  may  fay  Phy- 
fically  Parallel ;  that  is  to  fay,  they  will  have 
the  fame  effed:  in  Nature,  and  the  Phyfical 
Qbfervations  that  are  to  be  made  from  them, 
will  be  the  fame  as  if  the  Lines  were  abfo-  p 
lutely  Parallel.  Now  the  diftance  of  the  Earth 
from  the  Sun  is  fo  great,  that  the  Diameter  of  : 
the  Earth  compared  with  it,  is  but  as  a  Point, 
as  is  now  acknowledged  by  all  Mathemati¬ 
cians  ;  for  this  Diameter  feen  from  the  Sun  does 
appear  under  an  unperceptible  Angle,  or  which  pi 
is  fo  fmali  that  the  Eye  cannot  obferve  ir,  and  p! 
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the  Earth  appears  only  like  a  Point :  And  LeChire 
therefore  in  comparifon  of  the  great  diftance  XI. 
of  the  Sun  it  vanifhes,  and  confequently  Lines 
drawn  from  the  Center  of  the  Sun  to  different 
parts  of  the  Earth ,  will  be  at  leaft  Phyfically 
Parallel.  Moreover  it  is  known  in  Geometry, p1^ 
that  if  a  Right  Line  falls  upon  two  other  lga 
Right  Lines,  fo  as  to  make  the  two  internal 
Angles  on  the  fame  fide  equal  to  two  Right 
Angles,  that  thefe  two  Lines  on  which  it  falls 
are  Parallel,  by  29  Prop.  Book  firft  of  Euclide . 

Let  therefore  the  Line  A  B  be  the  Diameter 
or  Semidiameter  of  the  Earth ,  and  C  the  Cen¬ 
ter  of  the  Sun:  drawing  A  C  and  BC,  the 
Angles  A,  B  and  C  of  the  Triangle  ABC  are 
equal  to  two  right  Angles :  Now  the  Angle  C  at  the 
Sun  vanifhes,  and  is  next  to  nothing,  for  the 
Earth  feen  from  the  Sun  looks  like  a  Point; 
and  therefore  the  Angles  at  A  and  B  muft 
make  by  themfelves  two  Right  Angles  very 
Uearly,  and  therefore  the  Right  Lines  A  C,  B  C, 
are  nearly  Parallel.  It  is  upon  the  fame  ac¬ 
count  that  if  there  be  taken  two  Threads  with 
Plummets  to  make  them  hang  perpendicularly, 
the  Directions  of  thofe  Threads  are  by  all 
Artificers  efteemed  as  Parallel,  tho3  their  di¬ 
rections  will  meet  at  the  Center  of  the  Earth , 
to  which  all  heavy  Bodies  have  a  Tendency, 
or  Propenjion. 

WHAT  we  have  faid  in  this  cafe  concern¬ 
ing  the  Earth ,  is  alfo  true  of  the  Moon ,  for 
its  Diameter  has  a  much  lefs  proportion  to  the 
diftance  of  the  Sun ,  than  that  of  the  Earth  has 
to  it.  And  .  not  only  Lines  drawn  from  the 
Sun  to  any  Points  of  the  Earth  and  Moon ,  are 
to  be  reputed  Parallel ;  but  if  there  be  two 
Lines  drawn,  one  from  the  Center  of  the  Sun 
to  the  Earth ,  the  other  from  thence  to  the 
Moon ,  thefe  may  be  likewife  taken  as  Paral¬ 
lels,  for  they  will  not  fcnfibly  differ  from  a 
Parallelifm,  efpecially  in  the  time  of  Eclipfes: 
the  difference  of  thefe  Lines  from  real  Parallels 
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Le&ure  is  fo  fmali,  that  it  will  make  no  fenfible  error, 
XI.  in  the  Calculation  of  Eclipfes. 

WE  likewife  premife  the  following  Lemma', 
which  is  eaiily  demonftrated. 

Plate  Vlle  JjF  two  Pjght  Lines  AE  BF  touch  a  Circle, 
4  Fi?e:nma. an^  t^ere  drawn  from  the  Points  of  Contact  to 
the  Center  the  Lines  AD  BD;  the  Angle  at 
the  Center  contain'd  under  thefe  Lines ,  Will  be  e~ 
qual  to  the  Angle  that  the  Tangents  make  with 
one  another.  For  in  the  Four-fided  Figure  GADB, 
all  the  Angles  make  four  Rights :  But  the  An¬ 
gles  A  and  B  make  two  Rights,  by  the  18 
Prop.  Book  third  of  Euclide :  Wherefore  the 
Angles  A  G  B  and  D,  are  equal  to  two  Rights. 
But  by  the  13  Prop.  Book  firft  of  Euclid ,  the 
Angles  A  G  B  and  E  G  B,  are  equal  to  two 
Right  Angles,  and  therefore  the  Angles  D  and 
EGB  are  equal,  (ince  the  Angle  AGB  makes 
.  ttoo  Right  Angles  with  either  of  them. 
tnenfioti  ^of  LET  the  Circle  A  B  K  reprefent  the  Globe 
the  Angle  of  of  the  Earth ,  A  M  the  Line  which  joins  the 
f0nical  Centers  of  the  Sun  and  Earth ;  to  which  let  the 
plate ^ vn. Diameter  CB  be  perpendicular?  if  from  B 
fig.  8-  there  be  drawn  to  the  Center  of  the  Sun  the 
Line  E  F,  this  Line  will  be  Parallel  to  the  Line 
C  M,  as  has  been  faown :  Make  the  Angle 
BCD  equal  to  the  Apparent  Semidiameter  of 
the  Sun ,  that  is,  equal  to  the  Angle  under 
which  the  Semidiameter  of  the  Sun  is  feen 
from  the  Earth ,  and  then  thro*  D  draw  the 
Tangent  D  G.  By  the  Lemma  above  demonftra¬ 
ted,  the  Angle  G  E  F  will  be  equal  to  the 
Angle  BCD,  or  to  the  Apparent  Semidiameter 
of  the  Sun  ;  and  therefore  fince  the  Line  B  F 
produced  goes  to  the  Center  of  the  Sun,  the 
Line  G  E  D  muft  touch  its  Circumference,  and 
it  will  alfo  touch  the  Earth,  and  being  pro¬ 
duced,  will  meet  with  the  Axis  of  the  Sha¬ 
dow  C  H  in  H,  fo  that  the  Angle  D  H  C,  will 
be  half  the  Angle  of  the  Conical  Shadow. 
Now  becaufe  E  F  is  Parallel  to  M  H,  the  An- 
(  gles  D  H  C  and  G  E  F  are  equal,  by  the  29 

Prop. 
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Prop.  Book  firft  of  Euclid.  But  G  £  F  is  equal,  Ledture 
as  has  been  fhewed,  to  the  Apparent  Semidia-  XI. 
ineter  of  the  Sun ;  wherefore  the  whole  Conical 
Angle  K  H  D,  is  equal  to  the  Apparent  Diame¬ 
ter  of  the  Sun . 

THE  fame  thing  is  to  be  demonftrated  of 
the  Moon,  and  Univerfally,  the  Sun's  Apparent 
Diameter  remaining  the  fame  in  all  Spheres, 
which  are  not  bigger  than  the  Earth ,  the  An¬ 
gles  of  the  Conical  Figures  which  include  the 
Shadows  are  all  equal,  and  all  their  Shadows  conical  sba-  ■ 
will  be  Semilar  Figures.  This  may  likewife  Ao^st 
be  demonftrated  in  this  manner. 

LET  A  G  F  be  the  Sun,  D  H  E  the  Earth , 

SC  a  Line  joining  the  Centers  of  the  Sun  and 
Earth,  A  D  a  Right  Line  which  touches  both 
Bodies;  and  let  the  Lines  AD  SC  produced 
meet  ip  M,  the  Angle  AMS  will  be  half  the 
Angle  of  the  Shadowed  Cone.  Now  in  the 
Triangle  SjDM,  the  outward  Angle  ADS  is 
equal  to  .both  the  inward  and  oppolite  Angles, 
by  Prop.  32  Book  firft  of  Euclid ;  that  is,  the 
Angles  DMS  and  DSM  are  equal  to  the 
Angle  ADS:  but  the  Angle  DSM  is  nothing, 
or  next  to  nothing,  being  the  Angle  under  which 
the  Semidiameter  of  the  Earth  appears  as  feen 
from  the  Sun,  and  the  Angle  ADS  is  the  Ap¬ 
parent  Semidiameter  of  -the  Sufi;  therefore  the 
Angle  D  M  S  or  the  Semiangle  of  the  Cope,  is 
equal  to  the  Apparent  Semidiameter  of  th^ 
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Of  the  Penumbra  and  its  Cone ,  the 
Height  of  the  Shadow ,  the  Appa* 

rent  Diameters  of  the  Shadows . 

;  "L  •  •  *  1 

^IP^ESIDES  the  Shadow  which  is  dcZ 
r  prived  of  all  the  6Ws  Light,  there  is 
*4?  W  a  certain  Space  which  is  but  a  Par-* 
tiai  Shadow  and  is  called  a  Penum- 
Ira;  for  tho’  all  the  Suns  Body  does  not  illu^ 
min  ate  it,  there  are  for  all  that  Rays  coming 
from  fome  part  of  the  Sunf  which  doe  enter  it, 
and  render  it  lucid,  the  reft  of  the  Suns  Beams 
being  intercepted  by  the  Opake  Body  of  the 
JEarth:  and  the  parts  of  this  Penumbra  will  have 
different  Degrees  of  Illumination,  according  as 
they  are  nearer  or  further  removed  from  the 
Shadow.  The  Space  of  the  Penumbra  is  to  be 
determined  in  this  manner. 

plate  viii.  LET  the  Circle  A  E  F  G  reprefent  the  Sun, 
x’  HED  any  Opake  Sphere,  for  Example  the  Moon , 
it  being  her  Penumbra  that  we  are  at  prefent 
concerned  with ;  S  C  the  Line  which  joins  the 
Centers  of  both  Spheres.  Draw  the  Line  F  D  O, 
touching  the  Left  fide  of  the  Sun  and  the 
Right  fide  of  the  Moon ,  and  the  Line  AHP, 
which  touches  the  Right  fide  of  the  Sun  and 
the  Left  of  the  Moon :  let  thefie  two  Lines  cut 
the  Line  SC  in  i.  The  Point  I  remaining  im¬ 
moveable,  either  of  the  Right  Lines  IDO,  or 
IHP  being  extended  indefinitely,  let  them  be 
turned  round  the  Axis  I M,  with  a  Conical 
Motion,  fo  that  they  may  always  touch  the 
:  '  Globe 
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Globe  of  the  A loon  ;  there  will  by  that  means  Le&nre 
be  generated  an  indefinite  Conical  Surface,  in-  XII. 
eluding  both  the  Shadow  and  the  Circumam- 
bient  Space  ODM  PHM;  into  which  Space 
fome  Rays  of  the  Sun  are  hindred  from  enter¬ 
ing  by  the  Opake  Body  of  the  Moon :  And 
this  is  the  Space  which  we  call  the  Penumbra, 
which  is  darker  in  X  or  Y,  which  are  nearer 
the  Borders  of  the  Shadow,  than  in  V  and  N, 
which  are  nearer  the  Conical  Surface.  For  the 
places  X  and  Y  are  illuftrated  with  a  fmaller 
Portion  of  the  Sun’s  Disk,  than  the  other 
places  further  diftant  from  the  Axis  of  the 
Cone.  Now  if  the  Earth  come  within  this 
Space,  a  certain  Portion  of  its  Surface  at  S 
may  be  included  in  the  Total  Darknefs,  and 
the  Inhabitants  of  that  Region  will  fee  a  To¬ 
tal  Eclipfe  of  the  Sun ;  but  thofe  who  live 
without  this  Shadow,  but  are  ftill  within  the 
Penumbral  Space,  as  about  Q.  and  X,  will 
have  no  Total  Darknefs,  fome  part  of  the  Suns 
Disk  being  ftill  vifible,  while  the  reft  is  hid 
by  the  Moon.  For  let  us  draw  from  Q.  the 
Line  Q  D,  touching  the  Globe  of  the  Moon , 
which  being  produced  to  the  Sunf  the  Point 
Q.  being  immoveable,  if  the  Line  QD  inde¬ 
finitely  extended  be  moved  by  a  Conical  Mo¬ 
tion  round  the  Moon ,  the  Conical  Surface  it 
deferibes,  will  cut  off  a  Portion  of  the  Suns 
Disk,  which  is  covered  by  the  Moon. 

W  E  find  the  Dimenfions  of  the  Cone  of  the  Pe- 
numbra  in  this  manner.  Let  the  Circle  H  D  L  7^*  2j;_ 
reprefent  the  Opake  Sphere  of  the  Moony  S  C  the  menfions  of 
Line  joining  its  Center  with  the  Center  of  the 
Sun;  and  let  CB  the  Semidiameter  of  tfie  Moon  lc  -  * 

be  Perpendicular  to  C  S,  and  B  F  Parallel  to 
it  touching  the  Moon  in  B.  Make  the  Angle 
BCD  equal  to  the  Apparent  Semidiameter  of  , 

the  Suny  and  thro*  D  draw  D  G  a  Tangent  to 
the  Moon .  And  by  the  Lemma  premifed,  the 
Angle  F  E  G  will  be  equal  to,  the  Angle  B  C  D9 
or  to  the  Apparent  Semidiameter  of  the  Sun  * 
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Le&iire  and  therefore  fince  the  Line  E  F  goes  to  the 
XII.  Center  of  the  Sunt  the  Line  EDG  muft  touch 
the  Inferior  Limb  of  the  Sun  :  but  it  alfo 
touches  the  Moon-,  and  therefore  the  Point  of 
this  Line  being  immoveable,  if  it  be  carried 
by  a  Conical  Motion  round  the  'Moon ,  it  will 
generate  the  Surface  which  includes  the  Penum - 
bra,  And  becaufe  of  the  Parallels  E  F,  C  S,  the 
alternate  Angles  FEI  and  EIC  will  be  equal; 
but  the  Angle  EIC  is  the  Semiangle  of  the 
Cone,  and  FEI  is  the  Apparent  Semidiamerer 
of  the  Sun ;  and  therefore  half  the  Angle  of 
the  Penumbral  Cone,  is  always  equal  to  the 
Apparent  Semidiameter  of  the  Sun.  The  Cone 
theref^je  of  the  Total  Shadow,  and  that  part 
of  the  Pennmbral  Cone  which  lies  between 
the  Sun  and  the  Moon ,  are  equal  and  fimilar 
Figures;  for  they  have  their  Vertical  Angles  and 
Safes  equal. 

flate  viii.  THE  Height  of  the  Shadow  of  the  Earth 
is  thus  determined.  Let  CT  be  the  Semidia¬ 
meter  of  the  Earth ,  T  M  the  height  of  the 
Cone  or  Shadow  :  If  TM  be  the  Radius,  C  T 
will  be  the  Sine  of  the  Angle  T  M  C,  which 
is  half  the  Angle  of  the  Cone.  And  this  An¬ 
gle  is  equal  to  the  Apparent  Semidiameter  o.f 
the  Sun  as  has  been  fhewed,  and  in  the  mean 
The  beiohi  diftance  of  the  Sun,  is  about  1 6  Minutes.  Let 
»f  the  &  therefore  the  Sine  of  16  Minutes  be  to  the  Ra- 
i&nhusta.  dins,  as  j-frg  Semidiameter  of  the  Earth  to  a 
fourth,  and  we  (hall  find  T  M  equal  to  214,8 
Semidiameters  of  the  Earth:  But  when  the  Sun 
is  at  his  greateft  diftance,  half  the  Angle  of 
the  Cone  is  15  Minutes  and  50  Seconds,  and 
the  Height  of  the  Shadow  becomes  2t7  Semir 
diameters  of  the  Earth  :  and  fince  the  Diameter  of 
the  Earth  is  to  the  Diameter  of  the  Moon9 
as  100  is  to  28  ;  the  Altitude  of  the  Earth's 
Shadow,  will  be  to  the  Altitude  of  the  Moon's 
in  the  fame  Proportion,  for  the  Conical  Sha- 
The  height  dows  are  fimilar  Figures ;  and  therefore  the 
Mow's  ska-  Height  of  the  Moons  Shadow  will  be  5  9,3  <5 
dow.  t  Semi«* 
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Semidiameters  of  the  Earth:  Hence,  if  the  di-  Ledhire 
itance  of  the  Moon  from  the  Earth  be  greater  XII. 
than  her  mean  diftance,  which  is  about  60 
Semidiameters  ot  the  Earth ,  the  Shadow  of 
the  Moon  cannot  reach  the  Earth ,  in  which 
cafe  there  may  be  a  Central  Eclipfe  of  the  Sun 
but  not  a  Total  one:  But  round  the  Moon 
there  will  appear  part  of  the  Suns  Body,  in  the 
form  of  a  Luminous  Circle,  which  like  a 
bright  fhining  Ring  of  Gold,  will  embrace  the 
Body  of  the  Moon.  It  alfo  follows,  that  if  in 
the  time  of  the  Eclipfe,  the  Anomaly  of  the 
Moon  be  lefs  than  three  Signs,  or  bigger  than 
nine  Signs,  there  can  no  where  be  a  Total 
Eclipfe  of  the  Sun ,  for  in  all  thefe  Degrees  of 
Anomaly,  the  diftance  of  the  Moon  is  greater 
than  her  mean  diftance. 

T  O  find  how  much  of  the  Earth's  Surface  .  Tbe  Par* 
can  be  involved  in  the  Moons  Shadow  in  the  Earth (tSur- 
time  of  an  Eclipfe,  when  it  dire&ly  falls  up  on  face  that 
it:  Let  us  fuppofe  the  diftance  of  the  Sun  to 
be  the  greateft  that  can  be,  in  which  cafe  * 

height  of  the  Conical  Shadow  of  the  Moon  is 
about  60  Semidiameters  of  the  Earth  :  Let  us 
likewife  fuppofe  the  diftance  of  the  Moon  from 
us  to  be  the  leaft  that  can  be,  that  the  Earth 
may  receive  the  moft  of  the  Shadow.  This  leaft: 
diftance  of  the  Moon  from  the  Earth  is  about 
56  Semidiameters  of  the  Earth  :  Now  let  L  plate  vina 
reprefent  the  Moony  and  T  the  Center  of  the  4» 

Eartht  LT  the  diftance  of  the  Moon  from  the 

Earthy  which  is  equal  to  56  Semidiameters* 
and  fince  I  M  is  60,  T  M  mu'ft  be  four  Semi¬ 
diameters,  and  T  B  will  be  to  T  M  as  1  to  4. 

But  as.  T  B  is  to  T  M,  fo  is  the  Sine  of  the 

Angle.  TMB,  which  is  15'  50",  to  the  Sine  of 
the.  Angle ,;T  B  M  ;  by  which  means  we  find 
the  Angle  TBM  too  be.  63  Minutes  and  10 
Seconds.  But !  the  Angle  ATB  is  equal  ro 
both  TMB  and :T B M,  by  32  Prop.  Book  ift. 
of  Euclid,  and  therefore  the  Angle  ATB  is  79 
Minutes,  and  fuch  is  the  Arch  A  Bj  the  double 

cf 
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Le&uje  of  which  is  the  Arch  B  C  equal  to 
XlL  Minutes,  or  to  180  Englifh  Miles.  We  have 
here  fuppofed  the  Axis  of  the  fhade  to  pafs 
thro*  the  Center  of  the  Earth;  which  it  does 
when  the  Centers  of  the  Sun ,  Earth  and  Moon 
are  in  the  fame  Right  Line  precifely :  but 
w'hen  the  three  Centers  do  not  lye  in  the  fame 
Right  Line,  the  Conical  Shade  is  cut  obliquely, 
and  the  Figure  of  it  upon  the  Earth  is  Oval, 
whofe  Diameter  is  eafily  to  be  determined  by  the 
diftance  of  the  Moon  from  the  Sun  feen  from 
the  Center  of  the  Earth. 

now  much  IF  we  inquire  how  much  of  the  Surface  of 

ef  the  Sur-  the  Earth  can  be  involved  in  the  Penumbra;  it 

tndud?d  in  maY  be  f°und  bY  this„  means:  Let  us  fuppofe 
the  Feuum-  the  Apparent  Diameter  of  the  Sun  to  be  the  greateft. 
If1;  which  is  when  the  Earth  is  in  her  Perihelion , 

a  e  and  is  about  1 6'  23"  Let  ABD  be  the  Earth, 

L  the  Moon ,  and  A  M  B  be  half  the  Angle  of  the 
Cone,  which  is  likewife  16'  23";  By  which  we 
ihail  find  the  height  of  it  L  M,  equal  to  58 
and  a  half  Semidiameters  of  the  Earth :  Let  the 
Moon  be  in  her  Apgeon ,  and  therefore  at  her 
greateft  diftance  from  the  Earth ,  which  is  64 
Semidiameters  of  the  Earth ;  and  T  M  is  equal 
to  both  T  L  and  L  M,  that  is  to  1227  Semidiame¬ 
ters  :  but  by  a  Trigonometrical  Theorem,  T  B 
Is  to  TM,  as  the  Sine  of  the  Angle  TMB  is 
to  the  Sine  of  the  Angle  M  B  N  or  M  B  T. 
But  TB  is  to  TM  as  1  is  to  i22f,  and  the 
Angle  T  M  B  is  1 6  Minutes  23  feconds,  and 
therefore  we  fhall  find  out  the  Angle  MBN  to 
be  35  Degrees  and  42  Minutes,  which  Angle 
is  equal  to  both  the  Angles  TMB  and  M  T  B. 

If  therefore  from  the  Angle  MBN  35  Degrees 
42  Minutes,  we  Subftrad:  the  Angle  TMB, 
there  will  remain  the  Angle  M  T  B  35  Degrees 
25  Minutes,  which  is  the  meafure  of  the  Arch 
A  B;  whofe  double  70  Degrees  and  50  Minutes, 
is  equal  to  the  Arch  CAB  which  makes  about 
4900  Englifh  Miles. 

I  F  the  Conical  Shadow  of  the  Earth  at  the 
diftance  of  the  Moon,  be  cut  with  a  Plane 

Perpendicular 
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Perpendicular  to  its  Axis,  the  Se&ion  will  be  Lecfture 

a  Circle,  which  is  called  the  Shadow,  whofe  XII. 

Apparent  Diameter  feen  from  the  Center  of  the 
Earthy  is  thus  determined.  Let  T  be  the  Cen-  ri>e  Ap- 
ter  of  the  Earth ,  CMT  half  the  Angle  of  the 
Cone,  F  L  H  the  Sedtion  whofe  Diameter  is  F  H.  shadow  ,  of 
Having  the  Angle  of  the  Cone,  we  by  that  ^ 
means  can  find  its  Altitude  TM;  but  we  have  0f  -t^e  Moon 
alfo  T  L,  the  diftance  of  the  Moon  from  the  determined. 

Earth ,  and  therefore  we  can  find  MLj  but  plaF^ 

we  have  alfo  the  Angle  FML,  therefore  we 
can  find  out  F  G  half  the  Diameter  of  the  Sha- 
dow  at  the  diftance  of  the  Moon:  and  therefore 
in  the  redtangled  Triangle  FT  G,  having  the  two 
fides  F  G  and  T  G,  we  can  find  by  Trigono¬ 
metry  the  Angle  F  T  G,  the  apparent  femidiameter 
of  the  Shadow  feen  from  the  Center  of  the 
Earth ,  It  may  likewile  be  thus’ found;  having  Another 
F  T  the  diftance  of  the  Moon  from  the  Earth ,  f^uthe/ame. 
and  CT  the  Semidiameter  of  the  Earthy  in  the 
Triangle  C  F  T,  we  may  find  out  the  Angle 
C  F  T,  which  is  equal  to  the  two  Angles  F  A1 T 
and  FTM:  if  therefore  we  lubftracft  the  Angle 
F  M  T,  which  is  half  the  Angle  of  the  Cone, 
from  the  Angle  CFT,  we  fhall  find  the  Angle 
FTM  or  FTL  :  The  Angle  CFT  is  the  Apparent 
Semidiameter  of  th c  Earth  feen  from  the  Moon , 
and  is  called  the  Horizontal  Parallax  of  the 
Moon ,  the  reafon  of  which  we  fhall  fhew  when  ralla  *  of  the 
we  come  to  treat  about  Parallaxes.  Thefe  Ap- Moon* 
parent  Semidiameters  of  the  Earth ,  or  Horizontal 
Parallaxes  of  the  Moon ,  conftantly  vary  as  the 
diftance  of  the  Moon  does,  and  they  are  found 
ready  Calculated  in  all  Afironomical  Tables. 

LET  ft  M  be  a  Portion  of  a  Line  in  the  ?htc  V1IL 
Plane  of  the  Ecliptick,  ft  L  a  Portion  of  the  rig.  o'. 
Lunar  Orbit,  which  the  Moon  moves  through, 
about  the  time  of  Full  Moon ,  which  becaufe  it 
is  fmall,  may  be  reprefentcd  by  a  Right  Line. 

Let  the  Circle  F  M  O  reprefent  the  Shadow  of 
the  Earth  at  the  diftance  of  the  Moon,  an  1  its  Cen¬ 
ter  G;  G  L  is  the  Latitude  of  the  Moon  in  the 

time 
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JLedhire  time  of  Full  Moon ,  which  is  almoft  equal  to  the 
XII.  fhorteft  diftance  of  the  Moon  from  the  Plane 
of  the  Ecliptick.  It  is  manifeft  that  if  G  L 
rlatc  ix.  the  Latitude  of  the  Moon ,  be  greater  than  the 
i>  2°  fhm  0f  t[le  Semidiameters  of  the  Moon  and 
Shadow  j  then  the  Moon  will  no  part  of  it  enter 
into  the  Shadow.  But  if  the  Latitude  of  the 
Moon  be  juft  equal  to  tbefe  two  Semidiameters, 
than  the  Limb  of  the  Moon  will  juft  touch  the 
Shadow,  but  not  enter  it  :  But  if  the  Latitude 
ifEdipfes.  °f  the  Moon  be  lefs  than  this  fum,  but  greater 
than  their  difference, .  there  will  be  a  Partial  E- 
clipfe;  and  if  the  Latitude  of  the  Moon  be  lefs 
than, the  difference  of  the  Semidiameters  of  the 
Moon  and  Shadow,  the  Eclipfe  will  be  Total : 
And  by  this  means  we  can  find  out  the  E- 
cliptick  Terms  or  Limits ,  which  are  fuch  that 
if  the  diftance  of  the  Moon  from  the  Node  be 
lefs  than  they  are,  in  the  time  of  Full  Moon 
there  will  be  an  Eclipfe  :  If  greater  there  can 
&  be  no  Eclipfe.  Let  £1  S  reprefent  a  Portion  of 
r?g.c  ^  .r *  a  Line  in  the  Plane  of  the  Ecliptick  Parallel 
to  the  Earth's  Orbit,  £hL  a  Portion  of  the  Moons 
Orbit,  S  L  the  Latitude  of  the  Moon  when  at 
The  Limits  Full  $  and  let  us  fuppofe  this  Latitude  to  be 
determined.  fucj^  that  the  Margin"  of  the  Moon  may  juft 

touch  the  Sh'adovy,  and  let  "the  Node  be  at  . 
The  Angle  Li\S  is  the  inclination  of  the  Orbit 
of  the  Moon  to  the  Plane  of  the  Ecliptick, 
which  is  five  Degrees;  and  L  S  the  Latitude  of 
the  Moon,  when  its  Limb  touches  the  Shadow, 
equal  to  66  Minutes  ;  and  therefore  in  the 
redrangular  Triangle  LS,  having  LS  and  the 
Angle  L  SI  S,  we  can  find*  Si  S,  the  diftance  of 
the  Node  from  the  Point  of  the  Ecliptick  oppofite 
to  the  Sun ,  which  is  754  Minutes  or  12  Degrees 
34  Min.  And  if  in  the  time  of  Full  Moony  the  Moons 
place  in  the  Ecliptick  be  further  diftant  from 
the  Node  than  12  Degrees  34  Minutes,  there 
can  then  be  no  Ecliple  of  the  Moon. 

L  E  T  L  be  the  Center  of  the  Moon ,  whofe 
Conical  Shadow  is  DM  E.}  Imagine  this  Sha¬ 
dow 
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flow  cut  at  the  diftance  of  the  Earth  with  a  Ledture 
Piane  perpendicular  to  its  Axis  ;  the  Section  XII, 
will  be  a  Circle,  whofe  Semidiameter  T  P  is 
called  the  Semidiameter  of  the  Moons  Shade:  Now  pjate  IX 
the  Angle  under  which  this  Semidiameter  appears  Fig.  4. 
fecn  out  of  the  Moony  is  equal  to  the  difference 
of  the  Semidiameters  of  the  Sun  and  Moon  feen  fit 
from  the  Earth:  For  the  Angle  L  P  D  is  the  Moon °sjba- 
Apparent  Semidiameter  of  the  Moon  feen  from  dow  at  tbe 
the  Earthy  which  is  equal  to  the  two  internal?,^1  f 
Angles  PM  L  and  PLM;  and  therefore  if  we  the  Mooa~ 
fubftradl  from  the  Angle  L  P  D,  which  is  the 
Apparent  Semidiameter  of  the  Moon,  the  Angie 
P  M  L  which  is  equal  to  the  Apparent  Semidia¬ 
meter  of  the  Sun ,  there  will  remain  the  Angle 
PLT,  the  Apparent  Semidiameter  of  the  Shadow 
feen  from  the  Moon. 

A  G  A I N,  let  L  be  the  Center  of  the  Moon,  plate  IX. 
A  M  B  the  Penumbral  Cone  of  the  Moon  ex-  5* 
tended  as  far  as  the  Earth,  and  its  Axis  M  T; 
if  this  Cone  at  the  diftance  of  the  Earth  be  cut 
by  a  Plane  tranfverfely,  the  Secftion  will  be  a 
Circle  whofe  Semidiameter  is  A  T,  and  is  called 
the  Semidiameter  of  the  Penumbra.  And  the  An¬ 
gle  under  which  it  appears  from  the  Moon  is  the 
Angle  TLA,  which  is  the  external  Angle  of  the 
Triangle  L  M  A,  and  is  equal  to  both  the  inward 
Angles  LAM  and  LMA.  But  the  Angle  LMA 
is  half  the  Angle  of  the  Cone,  which  is  the 
fame  with  the  apparent  Semidiameter  of  the  Sun, 
and  M  A  L  or  CAL  is  equal  to  the  apparent 
Semidiameter  of  the  Moon  feen  from  the  Earth;  m  A 
and  therefore  the  Apparent  Semidiameter  of  the  parent  dL 
Penumbra  fecn  from  the  Moon ,  is  equal  to  the  awter  of 
fum  of  the  Semidiameters  of  both  Sun  and  Penum~ 
Moon. 

I  F  the  Sun  had  no  Apparent  Motion  arifing  Tbe  way 
from  the  real  Motion  of  the  Earthy  the  way  °J ^ 
of  the  Moon  from  the  Sun  would  be  the  fame  W 
wnh  her  real  way  in  her  Orbit.  But  becaufe 
while  the  Moon  is  proceeding  in  her  Orbit,  the 
Sun  alio  feems  to  move  in  the  Eclipcick,  the 

tvay 
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Ledhire  way  the  Moon  moves  towards  or  from  the  Sitnf 
XL  will  be  different  from  that  which  fhe  has  in  her 
Orbit,  and  its  inclination  to  the  Ecliptick  will 

plate  ix.be  greater  than  the  inclination  of  the  Orbit  to 
it.  Let  ft  A  be  a  Portion  of  the  Moons  Orbit 
produced  to  the  Ecliptick  i  And  fuppofe  the  Sun 
and  Moon  in  Conjunction  in  the  Node  :  Now  then 
while  the  Moon  in  her  Orbit  defcribes  the  Space 
ft  L,  the  Sun  by  his  Apparent  Motion  will  de¬ 
fer  ri  be  the  Space  ft  S  in  the  Ecliptick,  and  S  L 
will  be  the  way  of  the  Moon  from  the  Sun, 
Now  if  two  Bodies  be  both  moved  the  fame 
way,  but  one  fafter  than  the  other,  their  rela- 
tive  Motion  whereby  the  one  recedes  from  the 
other,  is  the  lame  as  if  the  floweft  Body  flood 
flili  and  the  other  moved  on  with  the  diffe¬ 
rence  of  Velocities,  as  we  have  demonflrated  in 
our  Phyfical  Lectures.  Thro8  the  place  of  the 
Moon  L,  draw  BL  Parallel  to  the  Ecliptick,  to 
which  let  A  B  be  Perpendicular.  Now  while 
the  Moon  in  her  Orbit  defcribes  the  Space  flL, 
its  Morion  according  to  the  Ecliptick  is  equal 
to  the  Space  BL;  take  L/  equal  to  ft  S,  and 
draw  ft  /,  it  will  be  Parallel  to  S  L ;  and  the 
Motion  of  the  Moon  from  the  Sun  will  be  the 
fame  as  if  the  Sun  had  remained  in  the  Node , 
and  the  Moon ,  according  to  the  Ecliptick,  had 
been  carried  with  the  Velocity  B  /,  which  is 
the  difference  of  the  Velocities  of  the  Sun  and 
Moonf  according  to  the  Ecliptick.  Becaufe  the 
Angles  BLft  and  B  l  SX  are  but  fmall,  the  An¬ 
gle  BLfl  will  be  to  the  Angle  B/ft,  as  B/  is 
to  B  L,  that  is,  as  the  difference  of  the  Motions 
of  the  Sun  and  Moon  according  ro  the  Eclip¬ 
tick,  is  to  the  Motion  of  the  Moon  in  the  E- 
cliptick,  fo  will  the  Angle  which  the  Orbit  of 
the  Moon  makes  with  the  Ecliptick  be  to  the 
Angle  B/fl,  which  is  equal  to  the  Angle  LSE,  or 
the  Inclination  of  the  way  of  the  Moon  from 
the  Sun  to  the  Ecliptick  :  And  by  this  means 
we  can  find  out  the  Angle  which  a  Circle  of 
Latitude  drawn  thro'  any  Point  of  the  Eclip- 
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lick  makes  with  the  way  of  the  A loon  from  the  Lecture 
Sun.  For  in  the  rectangular  Spherical  Triangle  XIII. 
which  the  Ecliptick,  the  Circle  of  Latitude  and  V 
the  way  of  the  Moon  from  the  Sun  do  form, 
we  have  one  Angle  which  is  the  Inclination  of 
the  way  of  the  Moon  from  the  Sun  to  the  E- 
cliptick,  and  its  Bafe  which  is  the  diftance  of 
the  Circle  of  Latitude  from  the  Node,  and  there-' 
fore  we  can  find  the  other  Acute  Angle. 

'  *  *  '  i;  *  #  *  i. 
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LECTURE  XIII. 


Of  the  T  reject  ion  of  the  Moon’*  Shadow 
on  the  Disk  of  the  Earth. 


F  a  Right  Line  be  Projected  on 
a  Plane  that  is  Parallel  to  it,  by 
letting  fall  from  all  its  Points 
Perpendiculars  on  the  Plane,  the 
Projection,  or  the  place  where  all 
Perpendiculars  meet  with  the  Plane, 
will  be  a  Right  Line,  Parallel  and  equal  to 
the  former  Line  which  was  Projected.  For  the 
Perpendiculars  that  fall  from  the  extremities  of 
the  Right  Line  are  Parallel  and  equal,  and 
therefore  the  Lines  which  join  them  will  be  Paral¬ 
lel  and  equal. 

HENCE  if  two  Right  Lines  touching  one 
another  be  Parallel  to  any  Plane,  the  Projections 
of  thefe  two  Lines  upon  that  PJane  will  contain 
an  Angle  equal  to  the  Angle  the  Lines  them- 
felves  make  together,  this  is  plain  by  Prop.  10 
Book  XI  of  Euclid.  Hence  all  Plane  Figures 
projected  on  a  Plane  Parallel  to  themfelves  have  . 

for 
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Lecture  for  their  Projections  Figures  exactly  fimilar  and: 
XIII.  equal  to  themfelves. 

BUT  if  a  Line  be  inclined  to  any  Plane* 
plate  x.  its  Projection  upon  that  Plane  made  by  letting 
iig.  i.  fai|  from  it  Perpendiculars  to  the  Plane,  will  be 
to  the  Line  it  felf,  as  the  Cofine  of  the  Incli¬ 
nation  of  the  Line  is  to  the  Radius.  For  let 
A  B  be  a  Line  inclined  to  the  Plane,  and  let 
D  E  reprefent  the  Plane.  Letting  fall  from  th# 
Points  A  and  B,  the  Perpendiculars  A  a  B  b, 
ab  will  be  the  Projection  of  the  Line  AB;  to 
which  if  we  draw  thro*  B  the  Parallel  Line 
B  C,  meeting  with  the  Perpendicular  A  it  in  C* 
this  Line  B  C  is  equal  to  ab  i  but  B  C  is  to 
A B,  as  the  Sine  of  tjhe  Angle  CAB,  or  the 
Cofine  of  the  Angle  A  B  C  to  the  Radius,  that 
is,  as  the  Cofine  of  the  Angle  of  Inclination  is 
to  the  Radius,  fo  is  ab  to  AB.  Hence  it  fol¬ 
lows,  that  every  Figure,  whofe  Plane  is  Per¬ 
pendicular  to  the  Plane  of  the  Projection,  is 
Projected  in  a  Right  Line.  For  the  Perpendi¬ 
culars  from  every  Point  of  the  Figure  will  all 
fall  upon  the  common  Interfection  of  the  Plane 
tWraphi-"  r^e  figure  with  the  Plane  of  the  Projection, 
cal  °  Proje-  Such  a  Projection  of  Lines  and  Figures  is  called 
Mion  what ?  an  Orthographical  Projection. 

I  F  we  imagine  a  Plane  to  pafs  thro*  the  Cen¬ 
ter  of  the  Earth ,  fo  that  the  Line  which  joins 
the  Centers  of  the  Sun  and  Earth ,  may  be 
Perpendicular  to  this  Plane,  it  will  make  on 
the  Surface  of  the  Earth  a  Circle,  which  will 
feperate  the  illuminated  Hemifphere  of  the  Earth 
from  the  dark.  This  Circle  we  before  called 
The  Disk  t^e  ^rc^e  bounding  Light  and  darknefs,  bur 
ttfrt>eEmh,we  now  it  the  illuminated  Disk;  which 
Disk  is  directly  feen  by  a  Spectator  placed  at 
the  diftance  of  the  Moon ,  in  the  Right  Line' 
which  joins  the  Centers  of  the  Sun  and  Earth . 
Upon  this  Circle  the  EartEs  Equator,  its  Pa¬ 
rk-  or  tailels,  Foies,  and  all  the  other  Circles  which 
thograpbi-  we  imagined,  are  to  be  fuppofed  Projected  Gr- 
Sk  on°tbe  typographical!?*  For  all  Lines  drawn  from  the 
pisi  .  Center 
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Center  of  the  Sun  to  every  (ingle  Point  of  the  LeCture 
Disk,  are  to  be  accounted  Parallel  ;  and  there-  XIII. 
fore  lince  that  Line  which  is  drawn  to  the 
Center  of  the  Disk  is  perpendicular  to  it,  all 
the  reft  will  be  perpendicular  to  it ;  and  there¬ 
fore  ail  Lines  drawn  from  the  Center  of  the 
Sun ,  and  palling  thro’  every  Point  of  any  Circle 
upon  the  Earth's  Surface,  when  they  are  pro¬ 
duced  will  be  perpendicular  to  the  Plane  of  the 
Disk.  Moreover  a  Spectator  in  the  Moon  will 
fee  all  Countries,  Cities  and  Towns,  to  move 
upon  the  Disk,  which  Motion  is  occalicned  by  the 
Rotation  of  the  Earth  round  its  dxis,  and  every 
Point  will  have  its  way  on  the  Disk  :  for  by 
the  Diurnal  gyration  all  places  defcribe  either 
the  Equator,  or  one  of  its  Parallels ;  and  if  rhe 
Sun  be  in  the  Plane  of  the  EquinoCtial,  o: 
rather  if  the  Plane  of  EquinoClial  palfts  thro* 
the  Sun ,  the  Equinoctial  and  all  its  Parallels 
are  in  that  cafe  projected  into  Right  Lines,  for 
they  will  all  be  Perpendicular  to  the  Disk,  or 
the  Plane  of  the  Projection.  But  in  other  Po- 
fitions  the  Projections  of  thefe  Circles  will  be 
Ellipfes,  which  are  the  ways  that  all  the  places 
of  the  Earth  are  feen  to  move  in  on  the  Disk  : 

Now  if  thro*  the  Pole  and  the  Sun  there  be 
a  great  Circle  drawn  which  cuts  the  Earth , 
and  this  Circle  be  Projected  on  the  Disk,  we 
Ihall  have  an  Univerfal  Meridian,  to  which  The  Vni- 
when  any  place  is  obferved  to  come,  the 
habitants  of  that  place  will  have  mid-day.  lan* 

And  when  any  place  is  lirft  feen  to  touch  the 
fVeftern  Limb,  or  edge  of  the  Disk,  the  Inha¬ 
bitants  of  that  place  will  then  fee  the  Sun 
ariling  upon  them.  Bur  a  Spectator  at  the 
Moon  will  fee  the  place  to  rife  and  come  upon 
the  Disk,  and  will  fee  it  move  towards  the 
Eafl  :  And  as  foon  as  it  has  paffed  the  Univer¬ 
fal  Meridian,  the  place  then  being  gone  to  the 
Eaftxvard;  the  Sun  leen  out  of  the  Earth  from 
the  place  will  appear  to  move  W'eftxvard.  But 
when  the  place  comes  to  the  Eaftern  edge  of 
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LeCture  the  Disk,  our  Spectator  in  the  Moon  will  oB- 
XIIL  ferve  the  place  to  fett  in  the  Disk,  and  hide 
itfelf  in  the  dark  fide ;  but  the  Inhabitants  of 
that  place  upon  the  Earth’ s  Surface  will  fee 
the  Sun  fett  in  the  fVeft,  and  withdraw  him- 


felf  out  of  Sight. 

the  big -  THE  bignefs  of  the  Disk  is  to  be  eftima- 

nefs  of  the  ted  by  the  Angle  under  which  the  Earth  is  feen 
Vimddeter"  fr°m  r^e  M-oon>  and  is  of  the  fame  quantity 
with  the  Horizontal  Parallax  of  the  Moon .  And 
if  from  the  Moon  there  be  let  fall  a  Perpendi¬ 
cular  upon  the  Plane  of  the  Ecliptick,  which 
Mealures  the  diftance  of  the  Moon  from  the 
Ecliptick,  this  Line  being  Parallel  >to  the  Plane 
of  the  Disk,  will  be  Projected  into  a  Line 
equal  and  Parallel  to  itsfeif,  and  the  Angle 
■under  which  the  Projection  of  this  Line  ap¬ 
pears  from  the  Moont  will  be  equal  to  the  Angle 
under  which  the  fame  Line  is  feen  from  the 
Earth ;  for  equal  Right  Lines  at  equal  diftances 
being  feen  direCfcly,  appear  under  equal  Angles* 
The  fro •  The  way  of  the  Moon  from  the  Sun,  if  fuch  a 
Moon' 'sway  Enall  Portion  of  it  be  taken  as  is  turned  to- 
m  the  Dis!^  wards  the  Disk  in  the  time  of  an  Eclipfe, 
may  be  efteemed  as  a  Right  Line,  and  will 
be  Projected  upon  the  Disk  into  a  Right  Line 
which  is  equal  to  itfelf,  and  its  Projection  with 
the  Projection  of  the  Circle  of  Latitude  will 
contain  the  fame  Angle,  that  thefe  two  Lines 
make  in  the  Heavens  :  The  Spectator  in  the 
Moon  will  fee  this  Line  to  be  deferibed  upon 
the  Plane  of  the  Disk,  by  the  Center  of  the 
Shadow  and  of  the  Penumbra  which  coincide, 
plate  x,  LET  now  the  Circle  DGK  reprefent  the 
rig- 2,3, 4,5*  Disk  of  the  Earth ,  whole  Semidiameter  let  us 
fuppofe  to  be  divided  into  as  many  parts  as 
the  Horizontal  Parallax  of  the  Moon  contains 
Minutes  and  Seconds.  Let  the  Line  N  T  re¬ 
prefent  the  diftance  of  the  Moon  from  the  B- 
cliptick  in  the  time  of  New  Moon ,  Projected  on 
the  Plane  of  the  Disk,  which  alio  muft  confift: 
of  as  many  parts  as  the  Latitude  of  the  Moon 


contains 
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contains  Minutes  f*and  let  likewife  K  be  a  Por-  Lecture 
tion  of  the  Ediptick,  /  a  Portion  of  the  Way  XIII. 
of  the  Moon  from  the  Sun,  both  proje&ed  on  the 
Plane  of  the  Disk.  From  the  Center  T,  let  fall  The  Fro- 
on  the  way  of  the  Shadow  a  Perpendicular  T  V 
this  Line  will  meafure  the  leaf!  Diftance  that  is  Latitude. 
between  the  Centers  of  the  Disk  and  Shadow. 

At  the  Center  V  deicribe  a  fmall  Circle,  whofe 
Semidiameter  may  be  equal  to  the  Difference  of 
the  apparent  Semidiameters  of  the  Moon  and  Sun ^ 
this  Circle  will  reprefent  the  Breadth  of  the  Sha¬ 
dow  ;  for  we  have  fliewed,  that  this  Shadow  feen  TheSbn* 
from  the  Moon  at  the  Diftance  of  the  Earth ,  was 
equal  to  the  Excefs  whereby  the  apparent  Diame¬ 
ter  of  the  Moon  exceeds  that  of  the  Sun.  Again, 
let  there  be  delcribed  another  Circle  H  M,  at  the 
Center  V,  whofe  Semidiameter  V  H  bears  the 
fame  Proportion  to  the  Semidiameter  of  the  Disk, 
as  the  Sum  of  the  Semidiameters  of  both  Sun  and 
Moon  bears  to  the  apparent  Semidiameter  of  the 
Earth  feen  from  the  Moon ;  or,  which  is  the  fame, 
to  the  Horizontal  Parallax  of  the  Moon  :  This  Cir-  nu^rgC* 
de  will  reprefent  the  Penumbra  projected  at  its  projected. 
fhorteft  Diftance  from  the  Center  of  the  Disk  ;  for 
we  have  fliewed,  that  the  apparent  Semidiameter  of 
the  Penumbra  feen  from  the  Moon  ,  was  equal  to 
the  Semidiameters  of  both  Sun  and  Moon.  And 
therefore  if  this  Circle  does  not  touch  the  Disk, 
there  can  be  no  Eclipfe  ;  that  is,  if  the  Diftance 
V  T  be  greater  than  the  Sum  of  the  Semidiameters 
of  the  Disk  and  the  Penumbra ,  or,  which  is  the 
fame,  greater  than  the  Sum  of  the  Semidiameters 
of  the  Sun  and  Moon  and  of  the  Horizontal  Parallax 
of  the  Moon ,  there  can  be  no  Eclipje.  But  if  the  When 
Diftance  V  T  be  equal  to  this  Sum,  the  Penumbra 
will  juft  touch  the  Disk,  without  obfeuring  the  oftbeifnh. 
Sun ,  or  any  part  thereof :  But  if  V  T  be  lefs  than 
this  Sum,  that  is,  if  it  be  lefs  than  VM  and  TR, 
the  Penumbra  will  cover  fome  part  of  the  Disk  ;  When  there 
and  thofe  that  lie  within  the  Segment  R  Z 
will  fee  at  lead  a  partial  Eclipfe  of  the  Sun.  But 
if  the  Diftance  V  T  be  lefs  than  the  Difference  of 
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Le&ure  the  Semidiametcr  of  the  Disk  and  the  Semidia« 
XIII.  meter  of  the  Shadow,  then  the  Shadow  will  co- 
ver  fome  part  of  rhe  Disk,  and  make  a  total  Eclipfi 
lip fl? of  *  $un  *n  r^0^e  P^aces  ic  pafles  over.  Thefe 

the Sun/  t6tal  Eclipfes  are  always  but  for  a  fmall  portion  of 
Time,  becaufe  the  Diameter  of  the  total  Shade  is 
but  fmall  %  the  apparent  Diameter  of  the  Moon  ne¬ 
ver  exceeding  the  apparent  Diameter  of  the  Sun , 
but  by  a  very  fmall  matter,  which  is  feldom  equal 
to  two  Minutes  ;  which  fpace  the  Center  of  the 
Shade  paffes  over  on  the  Disk  in  the  fpace  of  four 
Minutes  of  Time ;  but  yet  the  Stay  that  it  may 
make  on  any  Place  may  be  longer  than  this,  upon 
the  Account  of  the  Motion  of  the  Place  which 
follows  the  Shade. 

The  Eel  ip-  Hence  we  may  know  the  Ecliptic!^  Limits,  or  the 
tic  Lunus.  £)iftance  0f  the  Moon  from  the  Nodes  at  the  time 
of  Neve  Moon ,  fo  that  an  Eclipfe  of  the  Sun 
may  be  poftible  :  for  let  the  Circle  ROG  repre- 
fent  the  Disk  of  the  Earth ,  ft  T  K  and  fl  N  the 
Projections  of  a  Portion  of  the  Ecliptick,  and  of  the 
Way  of  the  Moon  from  the  Sun  upon  the  Plane  o.f 
the  Disk  :  And  let  T  Vbe  the  Ieaft  Diftance  of  the 
Center  of  the  Disk  and  Shadow,  which  fuppofe 
equal  to  the  Sum  of  the  Semidiameters  of  the  Disk 
and  Penumbra .  Then  in  the  Rectangular  Trian¬ 
gle  ft  T  V,  we  have  the  Side  TV;  which,  when 
it  is  biggeft, is  about  94^  Minutes:  We  have  like- 
wife  the  Angle  at  Q,  which,  when  it  is  leaft,  is 
5  Degrees  and  30  Minutes  ;  from  whence  we  fhall 
find  ft  T  equal  to  986  Minutes,  or  to  16  Degrees 
and  26  Minutes.  And  fince  in  this  Cafe  the 
Penumbra  only  touches  the  Disk,  it  is  plain,  that 
there  can  be  no  Eclipfe,  unlefs  the  New- Moon, 
be  nearer  to  the  Node  than  16  Degrees  and  26 
Minutes. 

Let  the  Circle  R  K  G,  as  before,  reprefent  the 
Disk  of  the  Earth ,  ft  T  K  a  Portion  of  the  Eclip¬ 
tick  projected  on  the  Plane  of  the  Disk,  ft  /  rhe 
plate  X.  W; ay  of  the  Moons  Shadow  on  the  Disk  ;  T  N 
Hg.  6.  the  Latitude  of  the  Moon ,  and  T  V  the  /horteft 
Diftance  of  the  Centers  of  the  Shadow  and  Disk; 

let 
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kt  the  Circle  O  P  Q  be  the  Penumbra  moving  LeCture 
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from  D  by  V  to  l ;  in  the  middle  of  which  is  a 
fmail  Circle  reprefenting  the  Shadow  :  And  let 
m  fuppofe  we  know  the  Time  of  the  Conjunction, 
chat  is,  when  the  Center  of  the  Shadow  is  in  N, 
which  we  find  by  Aftronomical  Tables;  by  that 
means  we  can  find  the  Time  when  the  Center  of 
the  Shade  is  in  V,  that  is  the  Time  of  the  middle  Tjf  Ttm* 
ol  the  general  Ecliple.  For  in  the  ReCtangled  Tri-  die  of  the  " 
angle  T  V  N,  we  have  T  N  the  Latitude  of  the  Echpfe . 
Moon,  and  the  Angle  T  N  V,  which  the  Circle  of 
Latitude  makes  with  the  Way  of  the  Moon  from, 
the  Sun ;  and  therefore  we  can  find  V  N  and 
T  V.  But  by  the  Horary  Motion  of  the  Moon  from 
the  Sun ,  we  can  find  out  rhe  Time  the  Shadow 
will  pals  through  the  fpace  N  V  ;  and  this  Time 
either  added  or  fubftraCted  from  the  Time  of  the 
Conjunction,  will  give  the  Time  of  the  middle  of 
the  Eclipfe.  Moreover,  in  the  Triangle  D  V  T, 
right-angled  at  V,  we  have  the  Side  D  T,  which 
is  the  Sum  of  the  Semidiameters  of  the  Disk  and 
Penumbra ,  and  the  Side  T  V  the  fhorteft  Diftance 
of  the  Shade  from  the  Center  of  the  Disk ;  there¬ 
fore  we  can  find  but  the  Side  D  V,  and  by  it  the 
Time  when  the  Shade  enters  the  Disk  ;  and  from 
that  we  fliall  have  the  Semiduration,  or  half  the  The  Semi* 
Time  the  Eclipfe  continues  upon  the  Disk.  Af-  duraUon’ 
ter  the  fame  manner  we  fliall  find  the  Time  when 
the  Shade  leaves  the  Disk,  or  the  Time  of  the  End 
cf  the  Eclipfe. 

H  A  V  I  N  G  the  Place  of  the  Sun  in  the  Eclip- 
tick  for  any  Moment  of  time,  we  can  thereby  find 
the  Place  on  the  Surface  of  the  Earth,  upon  which 
the  Sun  at  that  time  is  Vertical  :  For'the  Latitude 
of  the  Place  is  equal  to  rhe  Declination  of  the 
Sun  at  that  time  ;  and  its  Longitude  is  found  by 
turning  the  time  from  the  Meridian  into  Degrees  To{i.,d  .ps 
and  Minutes  of  the  Equator,  allowing  for!  every  riace  to ' 
Hour  15  Degrees,  and  for  every  Minute  pf  an  viaebthe 
Hour  15  Minutes  of  a  Degree.  For  Example,^/ 

The  Longitude  of  a  Place,  in  whole  Vertex  the 
Sun  is,  when  at  Oxford  we  reckon  Nine  and  an 
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Ledhire  half  in  the  Morning,  is  known  by  fubftratfting  9 
XIII.  and  a  half  from  1  2,  and  then  there  will  remain 
2  Hours  and  30  Minutes,  which  multiplied  by  .15 
make  37  Degrees  and  30  Minutes.  And  there¬ 
fore  that  Place  will  be  37  Degrees  and  30  Minutes 
to  the  Eaft  of  Oxford. 

LET  the  Circle  F  R  K  reprefent  the  Disk,  as 
before,  F  T  K  a  Portion  of  the  Ecliptick  projected 
on  the  Disk  ;  on  which  from  the  Center  eredfc  the 
Perpendicular  T  R :  this  Line  will  be  the  Projection 
of  th§  Axis  of  the  Ecliptick,  and  the  Point  R  of 
its  Pole.  Let  the  Point  P  be  the  Projection  of  the 
Pole  of  the  Earth :  Through  T  and  the  Pole  P 
let  us  imagine  a  Circle  to  pafs,  and  to  be  proje&ed 
on  the  Disk ;  this  Circle  will  reprefent  the  Uni- 
verfal  Meridian,  and  the  Elevation  of  the  Pole 
The  Elevd -  above  the  Plane  of  the  Disk  will  always  be  equal 
ti°n  of  the  t0  Declination  of  the  Sun.  For  the  Arch  of 
'alovl'tbe16  t^ie  Meridian  between  the  Sun  and  the  Periphery 
Disk,  of  the  Disk,  is  a  Quadrant  of  a  Circle  ;  and  the 
Arch  of  the  Meridian  between  the  ^Equator  and 
the  Pole  is  likewife  a  Quadrant :  Wherefore  ta¬ 
king  away  from  equal  Arches  the  common  Arch 
T  P,  there  will  remain  P  S,  the  Elevation  of  the 
Pole  above  the  Disk,  equal  to  the  Diftance  of  the 
Sun  from  the  iEquator. 

To  fmd  the  IT  is  here  to  be  obferved,  that  when  the  Sun  is 
be^Merf  *n  Signs  Vp  X  T  b'  IE,  or  rather  when  the 
dzA,  Zhicb  Earth  is  in  the  oppofite  Signs,  the  Point  S,  wherein 
pdjfestbro ’  the  Univerfal  Meridian  cuts  the  Limb  of  the  Disk, 
ibs  sun.  wj|i  fall  towards  the  Right  Hand  of  the  Pole  of  the 
Ecliptick.  But  when  the  Sun  is  in  the  other  fix 
Signs,  the  Point  S  falls  upon  the  other  Side  of  the 
Pole  of  the  Ecliptick,  contrary  to  what  happens 
when  the  Projection  is  fuppofed  to  be  made  in  a 
Plane  parallel  to  the  Disk,  at  the  Orbit  of  the 
2 Moon.  -  f*  •  k 

F  O  R  to  find  the  Angle  RTS,  or  the  Arch  of  the 
Disk  intercepted  between  the  Pole  of  the  Ecliptick 
and  the  Point  S.  In  the  Right-angled  fpherical  Tri¬ 
angle  R  P  S,  we  have  the  Arch  R  P,  the  Diftance 
of  the  Poles  of  the  Ecliptick  and  iEquator  234  De- 
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grees  ;  alio  the  Side  P  S,  which  is  equal  to  the  Le&ure 
Declination  of  the  Sun  :  Wherefore,  by  Trigono -  XIIL 
tnetry,  we  may  find  the  Side  R  S,  or  the  Meafure 
of  the  Angle  RTS. 

F  O  R  to  find  the  Place  upon  the  Earth's  Sur-  To  find  the 
face  Q,  where  the  Sun  rifing  begins  to  be  in  an  Place  #  tbs 
Eclipfe  in  its  upper  Limb,  and  where  the  Shadow  u^rfiZucb* 
enters  the  Disk.  Draw  through  the  Pole  the  Me-  ed  by  the 
ridian  P  Q,  to  the  Point  Q,  where  the  Penumbra  Penumbra. 
firft  touches  the  Disk.  And  firft  in  the  right  lined 
Triangle  D  T  V,  having  D  T  and  T  V,  we  may 
know  the  Angle  D  T  V  ;  to  which  if  we  add  or  fub- 
ftradt  a  given  Angle  V  T  P,  which  is  the  Sum  or 
Difference  of  two  known  Angles  V  T  N  and 
N  T  P,  we  fhall  have  the  Angie  Q  T  P.  And  then 
in  the  fpherical  Triangle  on  the  Surface  of  the 
Earth  S  P  Q,  which  is  Right-angled  at  S,  we 
have  S  P  equal  to  the  Declination  of  the  Sun  ; 
and  the  Arch  S  Q.  which  is  the  Meafure  of  the 
known  Angle  STQ;  from  whence  we  may 
find  the  Arch  P  Q.  the  Complement  of  the  Lati¬ 
tude  of  the  Place  Q,  and  the  Angle  S  P  Q,  whole 
Complement  to  two  Rights  is  the  Angle  Q.PT, 
contained  between  the  Meridian  of  the  Place  Q 
and  the  Meridian  of  that  Place  to  which  the  Sun  is 
then  vertical,  and  is  the  Meafure  of  the  Diftance  of 
the  Meridian  of  the  Place  Q,  from  that  of  the  Place 
which  has  the  Sun  in  the  Meridian  at  that  time. 

But  we  know  the  Place  which  has  the  Sun  at  that 
time  in  its  Meridian  5  wherefore  we  know  Jikewife 
the  Meridian  or  Longitude  of  the  Place  Q:  But  its 
Co- Latitude  P  Q.  was  before  found  out.  Having 
therefore  both  the  Longitude  and  Latitude  of  that 
Place,  the  Place  itfelf  mull  be  known. 

BY  the  fame  Method  we  can  find  out  the  Place 
of  the  Earth ,  which  is  firft  involved  in  the  total 
Shadow.  And  by  a  like  Prccefs  we  may  find  out 
the  Place  M  on  the  Surface  of  the  Earth ,  which 
is  under  the  total  Shadow  at  any  Point  of  Time, 
either  before  or  after  the  middle  of  the  Ecliple. 

For  the  time  being  known,  we  may  find  by  the 
Horary  Motion  of  the  Moon  from  the  Sun,  the 
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X^eAure  Line  M  V  and  the  Point  M,  where  the  Center  of 
XIII*  the  Shadow  lies  :  and  in  the  right-lined  Triangle 
M  V  T,  having  M  V  and  V  T,  we  may  find 
M  T  and  the  Angle  M  T  V  3  to  which  if  you  add 
or  fubftratft  the  known  Angle  V  T  P,  we  fhall  have 
the  Angle  M  T  P.  But  M  T  is  the  Sipe  of  an 
Arch  of  the  vertical  Circle  which  paffes  through  M 
and  the  Poinr  of  the  Earth's  Surface  diredfly  un¬ 
der  the  Sun ,  the  Semidiameter  of  the  Disk  being 

The  Deter- m2L(^e  the  Ra^us*  And  therefore  if  we  fay;  As 
tnmation  of  the  Semidiameter  of  tjie  Disk  is  to  M  T,  So  the 
Plaif ,  Radius  to  the  Sign  of  an  Arch  :  The  Arch  found 
tbe° shadow,  out  by  this  Proportion  will  be  the  Diftance  of 
jor  Any  gi -  the  Sun  from  the  Vertex  M.  And  therefore  in 
wen  Time,  ^  5p}ierjca[  Triangle  on  the  Surface  of  the 
Earth  M  P  T,  we  have  P  T  the  Diftance  of  the  Sun 
from  the  Pole,  and  M  T  the  Diftance  of  the 
Saw  from  the  Vertex,  and  the  Angle  M  T  P.  Hence 
we  can  find  M  P,  which  is  the  Complement  of 
the  Latitude  of  the  Place,  and  the  Angle  M  P  T, 
which  fliews  the  Difference  of  the  Meridians  of 
the  Place  M,  and  of  that  Place  to  which  the  Sun 
at  that  time  is  vertical  ;  which  Place  by  the  time 
is  known :  and  therefore  we  can  find  the  Place  M. 
And  by  this  Method  we  may  find  feveral  Places 
over  which  the  Shade  dees  pafs  ;  and  if  they  be 
joined  by  Lines,  we  fhall  have  the  Way  of  the 
Shade  upon  the  Surface  of  the  Earth, 

THE  Portion  of  the  Diameter  of  the  Sun  ob-’ 
feured  by  the  Moon ,  is  known  by  the  Situation  of 
the  SfeBator  within  the  Penumbra,  or  by  his  Di¬ 
ftance  from  the  Center  of  the  Shade.  For  let 
A  S  B  be  the  Diameter  of  the  Sun,  parallel  to  the 
Diameter  of  the  Penumbra  E  F ;  draw  the  Line 
M  C  B,  touching  the  fuperior  Edges  of  bothSaw 
and  Moon  ;  and  let  F  C  A  alfo  touch  the  inferior 
Margin  of  the  Sun  :  Then  the  Angle  A  C  B  is 
equal  to  the  apparent  Diameter  of  the  Sun  ;  and 

The  portion  ^  triangles  ACB  and  MCF  are  fimilar. 
0/  the  solar  Suppofe  then  a  Spectator  within  the  Penumbra  at 
Disk  ob xu*  G  ;  draw  the  Line  G  C  P,  touching  the  Globe 
Eciipfe!  5  tbe  Moon,  which  nearly  paiTes  through  the  for-* 
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fee**  Point  C,  and  cuts  off  A  P,  that  part  of  the  Ledfure 
$un  s  Diameter,  which  is  obfcured  by  the  Moon,  XIII. 
to  the  Spectator  in  G.  But  the  right  Line  G  P,  t/VNJ 
fince  it  very  nearly  paffes  through  the  Vertex  of 
the  Triangles  M  C  F  and  AC  B,  will  divide  the 
Bafes  A  B  and  M  F  in  a  like  Proportion.  And 
therefore  A  P  is  to  A  B  as  F  G  to  M  F  ;  that  is, 
the  obfcured  Portion  of  the  Suns  Diameter  is  to 
the  whole  Diameter,  as  the  Diftance  of  the  Place 
from  the  Edge  of  the  Penumbra ,  which  is  F  G,  is 
to  FM  the  Semidiameter  of  the  Penumbra  dimi- 
nifhed  by  the  Semidiameter  of  the  total  Shadow. 

THE  Aflronomers  commonly  divide  the  Dia-  Tbe£ua *- 
trieters  of  both  Solar  and  Lunar  Disks  into  twelve 
equaj  Parts,  which  they  call  Digits  ;  and  by  them  mated  by  * 
they  meafure  the  Quantity  of  the  Gbfcuration.  D,gks. 
And  they’fay*  the  Eclipfe  is  of  fo  many  Digits ,  as 
the  obfcured  Portion  conlifts  of  fuch  Parts, 

I  F  we  know  the  Pofirion  of  any  Place  upon 
the  Disk  for  any  Point  of  Time,  and  it  be  de-  the  Place  on, 
fired  to  find  the  Phafis  of  the  Eclipfe  for  that  time,  ^dDl^  10 
as  it  is  feen  from  the  Place  ;  it  is  to  be  found  in  phaGa«/f|p 
this  manner.  Let  S  be  the  Pofition  of  the  Place  Eclipfe „ 
on  the  Disk  ;  find  out  for  that  Point  of  Time,  the 
Place  of  the  Center  of  the  Shade  in  its  Path  ; 
which  let  it  be  M.  At  the  Center  M,  with  a  Semi¬ 
diameter  equal  to  the  Semidiameter  of  the  Meow, 
defcribe  the  Circle  A  F  L  :  Alfo  at  the  Center  S, 
with  a  Semidiameter  S  B,  equal  to  that  of  the 
Sun,  defcribe  the  Circle  E  F  G,  which  the  Circle 
A  F  L  cuts  in  E  and  F  ;  then  E  B  F  A  will  be  that 
part  of  the  Sun  which  is  covered  by  the  Moon  from 
a  SpeBator  in  S.  For  produce  the  Semidiameter  of 
the.  Moon  M  A  through  S,  that  A  D  may  be  equal 
to  the  Semidiameter  of  the  Sun ,  which  is  equal 
to  B  S  ;  and  then  M  D  will  be  equal  to  the  Sum 
of  the  Semidiameters  of  both  Sun  and  Moon  ;  and 
therefore  it  will  be  equal  to  the  Semidiameter  of 
the  Penumbra  :  And  the  Diftance  of  the  Place  fr  cm 
the  Edge  of  the  Penumbra  is  S  D  :  And  becaule 
BS  is  equal  to  A  D,  AB  will  be  equal  to  S  D. 

Take  A  N  equal  to  the  Semidiameter  of  the  Sun , 

and 
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and  then  M  N  will  be  equal  to  the  Difference  of 
the  Semidiameters  of  the  Sun  and  Moon ,  which 
is  equal  to  the  Semidiameter  of  the  total  Shadow, 
But  we  fliewed,  that  S D  was  to  DN,  as  AB 
the  part  of  the  Suns  Diameter  obfcured  was  to 
the  Suns  Diameter.  But  A B  is  equal  to  S  D, and 
DN  is  equal  to  D  A  and  A  N,  which  are  equal 
to  two  Semidiameters  of  the  Sun ,  or  to  one  Dia¬ 
meter  of  the  Sun .  Therefore  AB  is  to  the  Dia¬ 
meter  of  the  Sun,  as  S  D  the  Diftance  of  the  Place 
from  the  Edge  of  the  Penumbra ,  is  to  D  N,  which 
is  the  Semidiameter  of  the  Penumbra  diminifhed 
by  the  Semidiameter  of  the  total  Shadow.  And 
therefore  it  is  plain,  that  A  B  mu  ft  reprefent  the 
Portion  of  the  Suns  Diameter,  which  is  then  feen 
to  be  obfcured. 

HENCE  alfo  is  determined  the  Pofition  of 
the  Cufpdes ,  Points  or  Horns  of  the  Eclipfe  ;  for 
by  drawing  the  Vertical  Circle  TSG,  the  Arches 
GE,  G  F,  fliow  the  Diftance  of  the  Points  from 
the  iupreme  or  higheft  Point  of  the  Suns  Limb. 

I  F  the  Velocity  wherewith  the  Shadow  goes 
over  the  Disk,  be  enquired  for,  it  muft  be  ob- 
ferved,  that  the  way  of  the  Moon  from  the  Sun  is 
projected  on  the  Disk  in  a  Line  parallel  and  e- 
quai  to  itfelf  ;  which  Line  is  defcribed  by  the 
Motion  of  the  Shadow  :  And  therefore  the  Velo¬ 
city  of  the  Center  of  the  Shade  is  equal  to  the 
Motion  of  the  Moon  from  the  Sun.  Now  the  Mo¬ 
tion  of  the  Moon  form  the  Sun,  is  about  3  of  Mi¬ 
nutes  in  an  Hour;  though  it  is  fometimes  more,  and 
fometimes  lefs.  And  therefore  the  fpace,  which 
the  Center  of  the  Shade  moves  through  in  an 
Hour,  is  about  3  of  Minutes  of  the  Lunar  Orbit. 
Now  the  Semidiameter  of  the  Lunar  Orbit  is  a- 
bout  60  Semidiameters  of  the  Earth  ;  and  there¬ 
fore  one  Minute  of  the  Orbit  of  the  Moon  is  as 
much  as  60  on  a  great  Circle  of  the  Earth ,  or  as 
much  as  one  Degree,  that  is,  69  Englijh  Miles.' 
And  therefore  30  f  Minutes  are  equivalent  to  2104 
Englijh  Miles  ;  which  fpace  the  Shade  moves 
through  on  the  Disk  in  one  Hour.  .  But  though' 
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this  be  the  Velocity  of  the  Shadow  on  the  Disk,  Ledfure 
yet  the  Velocity  whereby  the  Shade  recedes  from  XI V» 
any  given  Place  on  the  Earth's  Surface,  is  lefs  than 
it ;  by  reafon  that  while  the  Shadow  moves  from 
the  Eaft  to  the  !VeJlt  all  the  Places  of  the  Earth 
are  likewife  carried  by  the  Rotation  of  the  Earth 
the  lame  way  :  And  therefore  following  the  Mo¬ 
tion  of  the  Shadow  with  a  flower  pace,  they 
diminifh  the  Velocity  whereby  the  Shade  moves 
from  them. 


LECTURE  XIV. 

A  new  Method  of  Computing  Eclipfes  of 
the  San,  as  they  are  to  be  obferved  from 
any  g  iven  Place  on  the  Earth’s  Surface. 


ITHERTO  we  have  explained 
all  the  Phafes  and  Appearances 
of  a  General  Eclipfe,  fuch  as  a 
Spettator  at  the  Moon  would  ob- 
ferve  ;  and  we  have  fhewed  the 
Methods  whereby  the  Beginning, 
Middle,  and  End  of  an  Univer- 
fal  Eclipfe  may  be  determined.  But  this  Beginning 
and  End  can  be  obferved  by  only  a  few,  who  lie 
near  the  Edge  of  the  Disk,  where  the  Shadow  en¬ 
ters.  In  other  Places  lying  towards  the  middle  of 
the  Disk,  there  will  be  no  Eclipfes  feen,  till  fome- 
time  after,  when  the  Margin  or  Edge  of  the  Pe¬ 
numbra  comes  ro  touch  them.  And  the  End  will  be 
when  the  oppofite  part  of  the  Penumbra  leaves  them. 
And  therefore,  according  to  the  different  Situation 
of  Places,  the  Quantity  of  the  vifible  Eclipfe  will 
be  different,  as  likewife  their  Beginning,  End 
and  Duration. 

THEREFORE  to  compute  the  particular 
Phafes  of  an  Eclipfe,  as  it  is  to  be  obferved  from  a 
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ledure  certain  Place,  we  muft  here  explain  a  new  Me- 
XIV.  thod,  whereby,  without  the  troublefom  and  tedi- 
ous  Calculations  of  Parallaxes,  which  all  the  dftro- 
nomers  have  made  pie  of  before,  the  particular 
Phafes  may  be  fliown. 

A  new  Me-  LET  therefore  the  Semicircle  AEB,  be  half 
^utVtbe™ ^he  Disk  of  the  Earth,  in  whofe  Circumference  is 
Phafes  for  the  Point  E,  which  anfwers  to  the  Pole  of  the  E- 
f  ^"cu  diptick.  And  let  the  Pole  of  the  Earth,  or  the 
ar  ace .  ^gquator>  be  projed:ed  into  P.  Becaufe  all  the 

plate  xt.  Places  of  the  Earth,  being  carried  by  the  Diurnal 
^3g’  Ia  Rotation,  defcribes  Circles,  which  are  the  iEquator 
or  its  Parallels  ;  and  all  the  Parallels,  except  in  the 
Mquinoxies,  are  inclined  to  the  Plane  of  the  Disk, 
the  Parallel  which  any  Place  defcribes  will  be  pro¬ 
jected  into  an  Eilipfe,  which  will  be  the  Way  qr 
Path  in  which  that  Place  will  be  leen  to  move  by  a 
Speflatcr  at  the  Moon.  Let  therefore  E  X I  I  D  be 
the  Eilipfe  in  which  the  Parallel  of  any  Place  is 
projected  on  the  Disk  :  And  let  the  Points  in  which 
the  Horary  Circles  cut  the  Parallels,  be  likewife 
projeded :  And  let  thefe  Points  be  Vl,  VII,  VIII, 
l£,  X,  XI,  XII.  I,  II,  III,  IV,  V,  VL  So  at 
Six  in  the  Morning  the  Piace  on  the  Earth's  Sur- 
face  will  be  feen  on  the  Disk  at  VI  ;  at  the  fe~ 
venth  Hour  it  will  be  at  VII,  at  Eight  of  the 
Clock  it  will  be  at  VIII,  and  at  Nine  it  will  be 
in  the  Point  IX,  and  fo  on. 

LET  CT  be  a  Portion  of  the  Path  of  the 
Shadow  received  on  the  Plane  of  the  Disk  :  And 
feppofe  the  Center  of  the  Shade  at  Two  of  the 
Clock  to  be  in  the  Point  i ;  at  Three  of  the  Clock 
let  the  Place  of  the  Shadow  be  3  ;  and  at  Four 
let  it  be  in  the  Point  4,  &c.  At  Two  of  the  Clock 
the  Seat  of  the  Sfeclator  on  the  Disk  is  II 5  and 
therefore  his  Diftance  from  the  Center  of  the  Shad 
dow  is  2  II  :  But  if  we  meafure  this  Diftance  ac¬ 
cording  to  the  Path  of  the  Shadow,  we  muft  lee 
fall  from  the  Place  a  Perpendicular  to  the  Paths, 
which  let  be  II  L,  and  the  Diftance  thus  eftimated 
will  be  2  L ;  and  the  Point  ‘L  will  he  the  Poftcion 
of  the  Place  reduced  to  the  Path  of  the  Shadow.' 
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Kt  Three  of  the  Clock  the  Shadow  is  at  3]  and  LeCture 
the  Place  at  III,  and  their  Diftance  is  3  III,  which  XIV. 
is  lefs  than  the  former  Diftance  at  Two.  At  the  UY>J 
fourth  Hour  the  Shadow  is  in  4,  and  the  Place  in. 

IV.  All  which  time  the  Shadow  advances  nearer 
to  the  Place,  till  at  laft  the  Edge  of  the  Penumbra 
touches  it,  and  then  the  Eclipfe  will  begin  at 
that  Place.  At  the  fifth  Hour,  when  the  Center 
of  the  Shadow  is  at  5  and  the  Place  is  in  V,  it 
will  be  there  more  within  the  Penumbra  than  it 
was  before,  and  the  Shadow  will  be  near  the 
Place  :  But  at  Six  the  Shadow  being  at  6  and 
the  Place  at  VI,  the  Shadow  will  have  got  to  the 
Eaft  of  the  Place,  which  is  then  in  the  Point  of 
the  Disk  at  VI ;  and  therefore  the  Center  of  the 
Shadow  has  paffed  by  the  Place,,  and  the  time  of 
the  fhorteft  Diftance  between  the  Center  of  the 
Shadow  and  the  Place,  will  be  between  the  Hours 
©f  5  and  6.  After  this  time  the  Diftance  of  the 
Shadow  and  Place  will  conftantly  grow  greater, 
and  at  laft  the  hVeflern  Edge  of  the  Penumbra  will 
leave  the  Place,  and  there  will  be  an  End  of  the 
Eclipfe  upon  that  Place.  But  by  the  following  Me¬ 
thod  the  Beginning,  Middle,  End  and  Duration 
of  the  Eclipfe  will  be  more  accurately  determined. 

Upon  which  account  we  muft  firft  premile  the  two 
following  Problems. 

PROBLEM  I. 

¥0  find  upon  the  Dis\of  the  Earth  the  Pofition 
of  a  Place  for  any  given  Point  of  Time. 

LET  the  Semicircle  AEB  reprefent  half  the 
Disk,  A  B  a  Portion  of  the  Ecliptick  projected  on 
the  Disk,  its  Axis  projected  S  E,  meeting  with  the 
Periphery  of  the  Disk  in  E, which  will  be  the  Pole  of 
the  Ecliptick  on  the  Earth's  Surface.  Let  S  P  be  the  plate  XL 
Line  on  which  the  Axis  of  the  Earth  is  projected,  2- 

and  P  the  Projection  of  the  Pole.  As  the  Radius 
is  to  the  Si-ne  of  the  Latitude  of  the  Place,  £0  lec 
S  P  be  to  S  H,  and  the  Point  H  will  be  the  Pro¬ 
jection 
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tenure  fecfdon  of  the  Center  of  the  Parallel,  Through  Hf 
XIV.  draw  H  G  equal  to  the  Semidiameter  of  the  Pa- 
ralleh  or  to  the  Sine  of  the  Diftance  of  the  Place 
from  the  Pole,  which  muft  be  perpendicular  to  P  S  ; 
this  will  be  half  the  greateft  Axe  of  the  Hllipfe 
into  which  the  Parallel  is  projected.  As  the 
dius  is  to  the  Sine  of  the  Pole’s  Elevation  above 
the  Plane  of  the  Disk,  fo  let  G  H  be  to  H  t,  and 
H  L  will  be  the  leffer  half  Axis  of  the  Ellipfe.  Iii 
G  H  rake  H  Q,  which  has  the  fame  Proportion 
to  GH  that  the  Sine  of  the  Angle  which  the  Ho¬ 
rary  CMe  and  the  Meridian  make  together,  has 
to  the  Radius  ;  and  draw  Q  R  perpendicular  to 
G  H  :  Alfo  make  the  Proportion,  As  the  Radius  to 
the  Co-line  of s  the  Angle  which  the  Horary  Circle 
and  the  Meridian  make  together,  fo  the  leffer 
Semiaxe  H  L  to  a  fourth,  to  be  laid  on  the  Line 
Q,  R  from  Q  to  R  ;  and  then  the  Point  R  will  be 
the  Pofition  of  the  place  on  the  Disk  required 
at  the  Moment  of  the  Time  given, 

T  H  E  lame  may  be  done  by  the  Help  of  the  Ho¬ 
rary  Circle.  - 

LET  A  OB  be  half  the  Disk,  P  the  Pole,  S  P 
plate  XI.  the  Vniverfal  Meridian ,  meeting  with  the  Disk  in 
3*  G ;  and  let  F  P  O  be  the  Horary  Circle  for  the 
Moment  of  Time  given.  In  the  Right-angled  Tri¬ 
angle  P  G  O,  we  have  P  G  the  Elevation.  of  the 
Pole  above  the  Disk  ;  and  the  Angle  G  P  O,  which 
the  Horary  Circle  makes  with  the  Meridian. 
Whence  we  fhall  find  out  the  Angle  GOP,  the 
Inclination  of  the  Horary  Circle  to  -  the  Plane 
of  the  Disk,  and  the  Arches  P  O  and  G  O ;  and 
therefore  we  have  the  Point  O  where  the  Horary 
Circle  cuts  the  Disk.  Draw  S  O,  which  will  be 
the  common  Section  of  the  Horary  Circle  with 
the  Plane  of  the  Disk.  Let  P  F  be  the  Comple¬ 
ment  of  the  Latitude  of  the  place.  And  S  O  being 
the  Radius,  take  SQ,  equal  to  the  Sine  of  an 
Arch,  whofe  Complement  is  the  Sum  of  two  Ar¬ 
ches  that  are  known,  vi%.  F  P  and  P  O  ;  and  let 
D  be  the  Co-fine  of  the  fame  Arch  whofe  Sine  is 

SQ, 
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S  Q.  At  Coupon  O  S  eredt  the  Perpendicular  Q.R,  Le&ure 
fo  that  D  may  have  the  fame  Proportion  to  Q  R,  XIV. 
that  the  Radius  has  to  the  Cofine  of  the  Inclina¬ 
tion  of  the  Horary  Circle  to  the  Plane  of  the  Disk, 
and  R  will  be  the  Point  which  was  defired,  and 
fhews  the  Pofitioii  of  the  place  on  the  Disk  for  the 
tTime  given. 

The  fame  thing  may  be  likewife  found  out  this 
way.  Calculate  (by  the  Problems  demonftrated  in 
the  Spherical  DoBrine ,  and  in  the  Problems  to  be 
found  where  the  Ufe  of  the  Globes  is  taught)  for 
the  Moment  of  Time  given,  the  Sun  s  Altitude, 
and  the  Angle  between  the  Vertical  and  Hour-Cir¬ 
cle  at  his  Center,  and  make  the  Angle  RSP  equal 
thereto  ;  and  take  S  R  equal  to  the  Sine  of  the 
Complement  of  the  Altitude,  or  the  Sine  of  his  Di- 
flance  from  the  Vertex ,  S  E  being  the  Radius ,  and 
then  R  will  be  the  Point  required.  By  the  fame 
Methods  for  all  other  different  Moments  of  Time, 
we  can  find  out  other  Pofitions  of  the  place  on  the 
Disk.  The  Demonflrations  of  all  thefe  Practices 
are  eafily  deduced  from  the  Laws  of  Orthographical 
Projection. 

PROBLEM  II. 
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To  find  in  an  Eclipfe  the  Pofition  of  the  Center  of 
the  Shadow  on  the  Disk,  >  for  any  given  Time. 

Let  A  EB,  as  before,  reprefent  the  Semidisl S  E  Plate  xr, 
the  Axis  of  the  Ecliptick,  C  T  the  Path  of  the  ^g.  ** 
Shadow  while  it  palfes  over  the  Disk  ;  and  let  it 
cut  the  Axis  of  the  Ecliptick  in  N.  Now  when 
the  Center  of  the  Shadow  is  in  N,  then  is  the  true 
Conjunction  of  the  Sun  and  Moon ,  whole  Time 
is  known  by  Aftronomical  Tables.  We  have  like- 
wile  by  the  fame  Tables  the  Horary  Motion  of 
the  Moon  from  the  Sun.  Say,  As  the  Horizontal 
Parallax  of  the  Moon  is  to  the  Horary  Motion  of 
the  Moon  from  the  Sun  ;  fo  is  the  Semidiameter  of 
the  Disk  to  a  fourth  Line  M  :  This  will  be  the 
fpace  which  the  Shadow  moves  through  upon  the 
.  Disk 
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Lecture  Disk  in  an  Hour.  Then  fay.  As  one  Hour  is  to 
XIV.  the  Time  between  the  Conjunction  and  the  Time 
for  which  the  Pofirion  of  the  Shadow  is  fought  £ 
fo  is  the  Line  M  to  a  fourth  ;  this  Line  will  fhew 
the  Diftance  of  the  Shadow  in  its  proper  Path, 
from  the  Point  of  Conjunction  N,  and  confequent- 
ly  the  place  of  the  Shadow  for  the  Time  given. 
Suppofe  the  Hour  which  immediately  precedes  the 
Time  of  Conjunction,  tq  be  any  Hour  you  pleafe* 
For  Example,  let  it  be  ihe  fourth  Hour  ;  Say,  As 
one  Hour  is  to  the  TirWe  between  the  fourth  Hour 
and  the  Time  of  the  Conjunction,  fo  let  the  Line 
IV1  be  to  another,  which  is  N  4  ;  and  the  Point  4 
will  be  the  Polition  of  the  Shadow  at  four  of  the 
Clock.  Take  likewile  43,  3  2,  4  5,  5  6,  each  e- 
qual  to  M;  and  the  Points  2,  3,  4,  5,  6,  will 
Ihew  the  place  of  the  Shadow  at  the  Hours  2,  3, 
4,  5  and  6. 

THESE  things  being  premifed,  let  AEB  be 
half  the  Disk,  as  before,  C  T  the  Path  of  the  Sha¬ 
dow  upon  the  Plane  of  the  Disk,  which  the  Axis 
of  the  Ecliptick  cuts  in  N  ;  and  when  the  Sha¬ 
dow  comes  to  N,  then  is  the  Time  of  the  true 
plate  XI.  Conjunction.  Let,  for  Example,  the  2d  be  the 
f»g.  4.  Hour  which  immediately  precedes  the  Time  of 
the  true  Conjunction,  and  then  mark  in  the  Path 
TbeCaicU'  °f  r^e  Shadow  its  places  at  the  Hours  1,  2,  3,  4; 
lation  of  the  5  ;  and  likewife  at  the  fame  time  mark  the  Situa- 
Begimng  tion  0f  p]ace  on  the  Disk  at  the  fame  Hours  ; 
dipfel  £”  Jet  them  be  I,  II,  III,  IV,  V.  At  one  of  the 
Clock  the  Diftance  of  the  Place  and  Shadow  is 
1  I  ;  this  by  applying  to  a  Scale  of  equal  Parts,  is 
to  be  meafured,  and  taken  in  Numbers,  and  from 
thence  deduct  the  Semidiameter  of  the  Penumbra 
meafured  by  the  fame  Scale,  and  we  have  the 
Diftance  of  the  Place  from  the  Edge  of  the  Pe- 
numbra. 

AT  Two  of  the  Clock,  after  the  fame  manner," 
take  the  Diftance  of  the  Edge  of  the  Penumbra 
from  the  Place  which  is  then  in  II;  the  Difference 
of  theft*  Diftances,  fince  the  Edge  of  the  Penumbra 
is  in  both  Cafes  more  tVefterlj  than  the  place,  is 

the 
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the  Appropinquation  or  relative  Motion  .of  the  Ledure 
Place  to  the  Shadow  in  one  Hour.  Say  theu,  A$  XIV. 
the  Appropinquation  of  the  Margin  of  the  Penury - 
bra  to  the  place  in  one  Hour  is  to  the  Diftance  of 
the  Paid  Margin  from  the  place  at  Two  of  the 
Clock,  fo  one  Hour  is  to  the  Diftance  of  Time 
from  Two  till  the  Beginning  of  the  Eclipfe; 
which  time  added  to  the  fecond  Hour,  fhews  the 
time  when  the  Eclipfe  begins. 

FROM  the  Polition  of  the  place  at  II,  to  the 
Path  of  the  Shadow,  let  fall  the  Perpendicular 
II  a  :  And  becaufe  the  Center  of  the  Shadow  is  at  tio*  0f™l 
2,  the  Diftance  of  it  from  the  place  reduced  to  the  Time  of 
Path,  is  2  a.  Alfo  at  the  third  Hour  the  Polition  8reatefi  °f>m 
of  the  place  being  III,  let  fall  from  thence  a  Per- 
pendigular  III  b  on  the  Path ;  the  Diftance  of  the 
Shadow  from  the  place  reduced  is  3  b  :  the  Dif¬ 
ference  of  thefe  two  Diftances  is  the  Accefs  of  the 
Shadow  to  the  place  reduced,  in  the  time  of  one 
Hour.  Meafure  this  Difference  with  a  Scale,  and 
by  the  Rule  of  Proportion  fay,  As  the  Accefs  of 
the  Shadow  to  the  place  reduced  in  one  Hour,  is 
to  the  Diftance  of  the  Shadow  and  Place  reduced 
at  Three  of  the  Clock  ;  fo  is  one  Hour,  or 
Minutes,  to  a  fourth  Time;  which  time  added  to 
the  third  Hour,  gives  the  time  of  the  middle-of 
the  Eclipfe,  or  of  the  greateft  Obfcuration. 

AT  four  of  the  Clock  the  Center  of  the  Sha *rheCa!cuia~ 
cow  is  in  4,  and  the  place  in  IV;  and  becaufe  4  IV  tion  of  the 
is  lefs  than  the  Semidiameter  of  the  Penumbra, ,  of  the 

lubftracft  it  from  the  Semidiameter,  and  there  will 
remain  the  Diftance  of  the  plac£  from  the  Edge 
of  the  Penumbra.  Again,  at  Five  of  the  Clock 
the  Shadow  is  in  5  and  the  place  in  V  ;  and  their 
Diftance  is  5  V,  which  is  greater  than  the  Semi¬ 
diameter  of  the  Penumbra ;  and  therefore  the 
JVeftern  Edge  of  the  Penumbra  is  now  more  ad¬ 
vanced  towards  the  Eajl  than  the  Place  is  ;  and, 
therefore  before  that  time  the  Penumbra  has  quitted-' 
the  Place,  and  the  Eclipfe  at  an  end.  From  the 
Diftance  5  V,  fubdudt  the  Semidiameter  of  the 
Penumbra ,  and  there  will  be  left  the  Diftance  be- 
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LeCture  tween  the  Place  and  the  PPeftern  fide  of  the  Pe~ 
XIV.  n umbra  :  And  becaufe,  in  the  former  Cafe  at  Four 

ly'V'V  of  the  Clock,  the  Edge  was  tVeftward  of  the  place, 
and  it  has  now  got  to  the  Eajl  of  it,  the  re¬ 
lative  Motion  of  the  Penumbra  and  Place  muft 
be  eftimated  by  the  Sum  of  thefe  two  Lines  or 
Diftances.  Say  then,  As  the  Sum  of  thefe  two 
Diftances  is  to  the  Di fiance  of  the  Edge  of  the 
Penumbra  from  the  place  at  the  fourth  Hour  ;  fo 
is  one  Hour  to  a  fourth  Time ;  which  Time  ad¬ 
ded  to  4  gives  the  Time  when  the  Penumbra 
leaves  the  Place,  or  it  will  fhew  the  End  of  the 
Eclipfe. 

THE  Motion  of  the  Shadow  in  its  Path  is  e- 
quable,  at  leaft  all  the  time  of  an  Eclipfe  it  may 
be  efteemed  equable.  But  the  Motion  of  a  Place 
upon  the  Disk  is  no  ways  equable,  but  towards 
the  Edge  of  the  Disk  it  is  flower  ;  when  it  comes 
towards  the  middle,  it  goes  through  larger  fpaces 
in  equal  time.  Moreover,  our  Calculus  fuppofes, 
that  the  relative  Motion  of  the  Moon  and  Shadow 
are  equable ;  and  the  middle  of  the  Eclipfe,  or 
greateft  Obfcuration,  to  be  where  the  Line  which 
joins  the  Place  and  the  Center  of  the  Penumbra ,  is 
perpendicular  to  the  Path  of  the  Shadow*  nei¬ 
ther  of  which  is  precifely  true,  and  therefore  there 
will  arife  fome  final!  Error  ;  but  it  may  be  cor¬ 
rected  in  this  manner.  At  the  time  of  the  Begin¬ 
ning  of  the  Eclipfe,  find  out  the  place  of  the  Sha¬ 
dow,  and  likewife,  for  the  fame  time,  the  Situa¬ 
tion  of  the  place  upon  the  Disk,  At  the  Center 
of  the  Shadow,  with  a  Difiance  equal  to  the  Se¬ 
midiameter  of  the  Penumbra ,  defcribe  a  Circle  ;  if 
this  Circle  pafles  through  the  Point  the  place  is  in, 
then  is  the  Beginning  of  the  Eclipfe  rightly  deter¬ 
mined.  But  if  this  Circle  does  not  pals  through 
the  place,  note  the  diftance  of  the  place  and  the 
Periphery,  and  take  the  relative  Motion  of  the 
place  and  Margin  of  the  Penumbra  for  half  an 
Hour  ;  and  work  again  by  the  Rule  of  Proportion, 
as  before,  and  we  fhal!  then  have  the  true  time 
of  the  fkginnirg  of  the  Eclipfe.  And  by  the  fame 
^  Method 
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Method  we  may  corredt  the  Error,  that  may  arife  Lecture 
in  computing  the  End  of  the  Eclipfe.  And  by  XIV. 
this  means  we  may  have  the  Beginning  and  End 
of  Eclipfes  as  accurately  as  by  the  common  Me¬ 
thod,  which  is  by  a  troublefom  Calculation  of  the 
Parallaxes  ;  where  they  likewife  fuppofc,  that  the 
vilible  Motion  of  the  Me  on  is  equable  for  a  cer¬ 
tain  time  ;  which,  neverthelefs,  is  as  unequable 
as  the  Motion  of  a  place  upon  the  Disk  is. 

IF  about  the  time  of  the  middle  of  the  Eclipfe,1 
at  the  Center  of  the  Shadow  a  Circle  be  deferibed, 
whole  Radius  is  equal  to  the  Semidiameter  of  the 
Moon:  And  if  likewife  we  deferibe  another  Cir¬ 
cle,  whole  Center  is  the  place  of  the  Speftator, 
and  whofe  Radius  is  the  Semidiameter  of  the  Sun •  the 
Interfedtions  of  thefe  two  Circles  will  Ihew  the 
Pbafis  at  the  greateft  Obfcuration. 

I  F  there  beforne  who  are  not  pleafed  with  this  The  fame 
mechanical  way  of  meafuring  Lines  and  Distances  lyY* 
by  a  Scale,  they  may  compute  all  the  Lines- by  Trigonome- 
T rigonometry,  in  the  following  manner.  As  before  try* 
let  AEB  be  the  Disk  of  the  Earth ,  P  the  Pro¬ 
jection  of  the  Poley  CNT  the  way  of  the  Sha¬ 
dow,  the  Point  2  its  Polition  at  Two  of  the  Clock  ;  p 
and,  for  the  fame  time,  let  II  be  the  Situation  of 
the  place  of  the  Spectator.  Let  S  E  be  the  Axis 
of  the  Ecliptick,  which  cuts  the  Path  of  the  Sha¬ 
dow  in  N  ;  S  N  will  be  the  Latitude  of  the  Moon 
at  the  time  of  the  Conjunction.  From  the  Cen¬ 
ter  of  the  Shadow  and  the  Place  draw  the  Lines  2  S, 

II  S,  to  the  Center  of  the  Disk,  and  join  2  II  : 

Then  in  the  Right-lined  Triangle  2  N  S  we  have 
NS  the  Latitude  of  the  Moon ,  and  2N  its  di- 
ftance  from  Conjunction  at  Two  of  the  Clock. 

We  have  likewife  the  Angle  2  N  S,  which  is  the 
Inclination  of  the  Path  to  the  Circle  of  Latitude  : 
Wherefore  we  can  find  out  2  S  and  the  Angle 
2  S  N.  Again,  in  the  fphcrical  Triangle  PS  II, 
we  have  the  fide  P  S  the  Complement  of  the  Sun  s 
Declination,  and  P  II  the  Complement  of  the  La¬ 
titude,  together  with  the  Angle  S  P  II,  which  is 
known  by  the  Time;  by  which  we  can  find  the 
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Le&ure  Arch  S II,  which  is  the  diftance  of  the  Sun  froni 
XIV.  the  Vertex ;  and  the  Sine  of  this  Arch  is  juft  equal 
to  the  diftance  S II,  SE  being  made  the  Radius  x 
we  may  alfo  find  the  Angle  P  S  II 5  to  which  if 
we  add,  or  take  away  the  known  Angle  P  S  E,  we 
{hall  have  the  Angle  N  S II.  But  the  Angle 
P-NS  was  found  out  before ;  wherefore  we  have 
the  whole  Angle  2  S II.  Laftly,  In  the  Right- 
lined  Triangle  2  S  II  we  have  the  two  fides 
2  S  and  II  S,  and  the  Angle  contained  between  the 
two  fides  ;  and  therefore  by  plain  Trigonometry 
we  may  find  the  fide  2  II,  which  was  to  be  found 
oiit.  Proceeding  by  this  Method,  there  is  no  need 
for  inquiring  into  the  Pofitions  of  Place  and  Sha¬ 
dow  on  the  Disk ;  for  they  are  to  be  found  out  by 
a  Calc  ulus  without  Protraction. 

To  finite  THE  Longitudes  of  places  on  the  Surface  of  the 
^fWacfs%  may  be  found  out  by  Obfervations  of  Eclip- 

obferva-* y  fes  of  tfie  Sunt,  as  well  as  by  thofe  of  the  Moon, g 
tionsofSo '  if  pbferve  in  that  place  whofe  Longitude 
larEclipfes.  ^  w^ted,  Moment  of  time  when  the  Eclipfe 
begins  or  ends  ;  Let  that,  for  Example,  be  at 
Five  of  the  Clock  ;  and  at  the  Center  V,  with  a 
Diftance  equal  to  the  Sepiidiameter  of  the  Penum- 
bra ,  defcr-ibe  an  Arch  of  a  Circle  cutting  the  Path 
of  the  Shadow  in  d,  that  Point  d  will  fhew  the 
place  of  the  Center  of  the  Shadow  at  that  time, 
Meafure  the  Diftance  N  d  with  a  Scale,  which 
being  given,  together  with  the  Motion  oft  he  Moon 
from  the  Sun ,  we  fhall  find  the  time,  in  the  place 
of  the  Obfervation,  when  the  true  Conyuntlion  is 
celebrated.  In  like  manner,  by  an  Obfervation 
in  any  other  place  we  may  find  when  the  fame 
ConjunHion  is  celebrated  according  to  the  time 
computed  from  the  Meridian  of  that  places  and 
the  Difference  of  thofe  times  being  turned  into 
Degrees  and  Minutes  of  the  Equator,  will  fhew 
the  Difference  of  Longitude  between  thofe  two 
places. 

I  N  Practice  it  is  convenient  to  make  the  Semi- 
diameter  of  the  Disk  ten  Inches,  that  it  may  be 
divided  by  a  Scale  into  a  jooc  parts,  which  is 

done 
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Hone  by  the  Help  of  a  Diagonal  Scale  *  for  this  Ledture 
Number  is  the  Tabular  Radius:  And  let  SN  the  XIV. 
Latitude  of  the  Moon ,  and  all  the  Lines  vvhofe  Di- 
menfions  are  neceflary  to  be  known,  be  exprelfed 
by  the  lame  parts.  For  if  we  fay*  as  the  Horizon¬ 
tal  Parallax  of  the  Moon ,  which  is  exprelfed  in  A- 
ftronomical  Tables  in  Minutes  and  Seconds,  is  to 
the  Moon  's  Latitude,  fo  is  icoo  to  a  fourth  Num¬ 
ber.  Arid  then  we  take  the  Line  SN  out  of  the 
Scale,  Whofe  Dimenfion  is  expreiTcd  by  this  fourth, 
this  Line  will  reprefent  the  Latitude  of  the  Moon . 

Arid  in  like  manner  we  are  to  operate  for  to  find 
out  the  length  of  the  way  the  Shadow  advances  in 
an  Hour  in  its  Path.  And  now  we  have  (hewed  X 
new  way  by  which  the  Times  and  Phafes  of  an 
Eclipfe  are  to  be  defined,  as  they  are  to  be  feen 
frorh  a  particular  place,  which  does  not  require  a 
frequent  or  repeated  Calculation  of  the  Parallax , 
for  to  have  the  vifible  place  of  the  Mooti  in  the 
Heavens,  both  as  to  Longitude  and  Latitude  ; 
which  Method  is  received  by  mod  Aftronomers . 

But  our  Method  is  rhuch  eafier,  and,  as  1  think, 
no  lefs  accurate.  For  in  the  common  Method  the 
different  Pofitioris  of  the  Ecliptick  in  refpedt  of 
the  Horizon,  which  are  always  changing,  will 
produce  great  Inequalities  in  the  Moon  s  Motion, 
and  will  make  her  conftantly  alter  her  place,  both 
as  to  Longitude  and  Latitude  :  So  likewife  as  the 
Moon  afcends  or  defcenas,  the  Parallaxes  will  al¬ 
ways  be  changeable  ;  and  except  we  often  com¬ 
pute  them,  it  will  be  hard  to  efcape  falling  into  an 
Error. 

BUT  becaufethe  Method  of  computing  Eclip- 
fes  by  Parallaxes  is  that  which  is  generally  made 
life  of  by  the  Aftronomers ,  it  will  be  convenient 
likewife  to  explain  that  Method.  And  here  I 
fu'ppofe  the  Reader  to  be  already  initrudted  in  the 
Dodirine  of  the  Parallaxes ,  either  by  other 
Aftronomical  Books,  where  it  is  explained  at  length; 
or  by  what  we  (hall  after  this  fay  upon  that  Sub¬ 
ject  :  And  that  being  underftood,  the  Principles  on 
which  the  Calculation  is  founded  are  ealily  appre- 
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Ledture  hended,  though  the  Pradtice  of  the  Rules  is  very 
XIV,  difficult  and  tedious. 

FIRST  of  all  the  vilible  Conjunction,  and  the 

T^M°tbod  ^ aY  t^e  ^oon  ls  r^en  t0  ta^e  in  c^e  Heavens,  are 
of  computing10  determined.  For  in  this  cafe  the  true  and  vi- 

Edipfes  of  fible  Conjunction  are  very  different  both  as  to  their 
tbei>un.  Times  and  Places.  The  true  place  of  the  Moon 
is  that  which  is  feen  from  the  Center  of  the  Earth, 
the  vifible  Place  is  that  which  is  feen  from  our  Ha¬ 
bitation  on  its  Surface.  Let  the  Semicircle  ABC  re- 
prefent  an  Hemifphere  of  the  Globe  of  the  Earth, 
whofe  Center  is  T  ;  from  whence  draw  the  Right 
Line  TLS  through  the  Moon  at  L,  and  the  Sun 
at  S  at  a  much  greater  Diftance;  and  therefore 
iince  the  Centers  of  the  Sun  and  Moon  are  feen  in 
the  fame  Right  Line  from  the  Center  of  the  Earth, 
plate  xii.  they  will  appear  in  the  fame  Point  of  the  Hea- 
vens,  and  they  will  be  in  true  Conjunction.  But  a 
Spectator,  on  the  Surface  of  the  Earth  at  A,  will  cb- 
ferve  the  Centers  of  the  Sun  and  Moon  in  di- 
Hindi  Points  of  the  Heavens,  their  Diftance  being 
the  Arch  S  E,  The  Point  where  the  Right 
Line  T  L  drawn  through  the  Centers  of  the  Earth 
and  Moon  meets  with  the  Heavens,  is  called  the 
Moonti  tme  pjace  0p  t|ie  j^oon^  £ut  where  a  Right  Line 

palling  through  the  Eye  of  the  Spectator  on  the 
r/,MoonVSurface  an^  tfee  Center  of  the  Moon  meets  with 
vifiblePlace.  Heavens,  that  Point  is  called  the  vifible  or  ap¬ 
parent  place  of  the  Moon.  Let  thefe  Points  be 
S  and  E;  the  Arch  S  E,  which  is  the  Diftance  be- 
tween  the  true  and  apparent  place,  is  called  the 
ParaUax?1^ M°on*$  Parallax.  Now  becaufe  the  Points  T  and 
L,  in  refpedt  of  the  immenfe  Diftance  of  the  fix'd 
Stars ,  coincide,  the  Arch  S  E  will  be  the  fame, 
whether  its  Center  be  conceived  to  be  in  L,  or  in 
T  ;  and  therefore  the  Arch  S  E  is  the  Meafure  of 
the  Angle  SLE,  or  of  the  Angle  ALT,  which  is 
equal  to  it.  But  the  Angle  ALT  is  the  Angle 
under  which  the  Semidiameter  of  the  Earth  AT, 
drawn  thro*  the  place  of  the  Spectator ,  is  feen  from 
the  Moon  :  And  therefore  the  Parallax  of  the  Moon 
is  always  equal  to  this  Angle.  And  this  Angle  is 

biggeff 
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biggeft,  when  the  Semidiameter  is  diredlly  feen  Ledfuer 
from  the  Moon  ;  for  then  the  Angle  LAX  is  a  XIV. 
Right  Angle*  and  the  Moon  is  feeji  m  the  Horizon. 
and  therefore  the  Horizontal  Parallax  is  g  reate  it 
ot  all.  But  if  the  (V-oon  fliould  be  in  the  Vertex  F, 
the  Angle  ALT  would  there  yanifh  ;  arrd  the 
Moon's  true  place  would  coincide  with  its  appa¬ 
rent  place*  whence  there  would  be  no  Parallax. 

SINCE  the  Parallax  of  any  celeftial  Body  is 
always  equal  to  the  Angie  under  which  the  Semi¬ 
diameter  of  the  Earth ,  palling  through  the  place ^en0Sua 
of  the  Spettator,  is  feen  from  that  Body,  there 
will  be  no  fenlibie  Parallax  of  the  Sun ,  For 
as  I  have  frequently  faid,  the  Earth  feen  from  the 
Sun  appears  no  bigger  than  a  Point,  and  under 
no  fenhble  Angle :  But  the  Moon  when  it  is  in  the 
Horizon  has  a  fenlibie  Parallax,  and  fometimes  it 
is  greater  than  a  Degree. 

HENCE  it  follows,  that  the  Parallax  always 
fhews  the  Moon  more  deprelfed,  or  at  greater  Di¬ 
stance  from  our  Vertex  than  it  really  is:  This  De- 
preilion  will  change  its  place  according  to  the  £- 
cliptick,  and  make  the  Moon  appear  to  have  a 
Longitude  and  Latitude  different  from  what  it 
has  when  feen  from  the  Center  of  the  Earth.  For  plate  xit. 
in  the  Figure,  let  the  Circle  HCZ  be  the  Meri-  FlS*  2* 
dian,  or  the  Circle  pading  through  the  Vertex  of 
the  Speclator  and  the  Pole  ‘  let  Z  be  the  Vertex , 

XI  E  D  the  Horizon  of  the  place,  CE  the  Eclip- 
tick,  in  which  let  the  Meow  according  to  its  true 
place  be  in  L,  without  any  Latitude ;  let  Z  f 
be  a  Vertical  Circle  palling  through  the  Moon  $ 
and  becaufe  the  Parallax  always  deprelfes  the  Moon 
in  the  Vertical,  the  apparent  place  of  the  Moon 
will  be  further  diftant  from  the  Vertex  Z  than  the 
true  place  is.  Let  the  apparent  place  be  O,  and 
fince  the  true  place  is  L,  the  Parallax  will  be  LO  ; 
w'hich  being  in  the  Vertical  or  Circle  of  Altitude, 
s  called  the  Parallax  of  Altitude.  Through  O  let 
there  a  Circle  pafs  which  is  perpendicular  to  the 
Ecliptick,  meeting  with  the  Ecliptick  in  m,  that 
Point  will  be  the  apparent  place  reduced  to  the 

L  4  Ecliptick, 
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Ledture  Ecliptick,  and  the  Arch  L  m  is  called  the  Parallax 
XIV.  °f  Longitude ,  and  O  m  the  vifible  Diftance  of  the 
*\J  Moon  from  the  Ecliptick,  is  called  the  Moons  Pa¬ 
rallax  of  Latitude.  For  determining  the  Phafes 
of  Eclipfes,  as  they  are  to  be  feen  from  a  given 
place,*  it  is  neceffary  to  know  at  that  time  the 
true  places  of  the  Moon  and  Sun ,  which  may  be  com¬ 
puted  by  Aftfonomical  Tables  for  any  given  Mo¬ 
ment  of  Time.  Moreover,  we  muft  know  the 
apparent  place  of  the  Moon ,  which  is  to  be  deter¬ 
mined  from  the  true  place,  by  a  Computation  of 
the  Moons  Parallax  ;  which  being  premifed,  the 
tTimes  and  Phafes  are  thus  found  out. 

LET  p  4  be  a  Portion  of  the  Ecliptick,  S  the 
place  of  the  Sun  therein,  at  the  time  of  the  true 
Conjunction 5  and  /  the  apparent  place  of  the  Moon 
reduced  to  the  Ecliptick ;  l  0  the  vifible  Latitude 
of  the  Moon ,  and  l  S  will  be  its  vifible  Lon- 
plate  xii.  gitude  from  the  Sun.  At  a  fmall  portion  of  time  be- 
Ilg*  3*  fore  the  true  Conjunction ,  find  out  again  the  vifible 
place  of  the  Moon  in  the  Ecliptick,  which  let  it  be 
ACalcula -  at p,  and  let  p  q  be  the  Moons  vifible  Latitude  : 

vifitie  E)raw  qo  which  produce,  and  let  it  meet  with  the 

elipfe.  Ecliptick  in  4>  and  q  4  will  be  the  vifible  way  of 

the  Moon  from  the  Sun  at  the  time  of  the  Con¬ 
junction.  In  the  Triangle  q  0  n,  Right-angled  a tn, 
we  have  0  n  the  difference  of  Longitude  of  the  Moon 
from  the  Sun  in  p  and  /,  and  q  n  the  difference  of 
Latitude,  whereby  we  can  find  the  Angle  qon,ot 
qk.p\  which  is  ecfual  Co  it,  and  which  is  the  Inclina¬ 
tion  of  the  vifible  way  of  the  Moon  to  the  Eclip- 
tick :  from  thence  alfo  we  can  find  the  fide  q  0, 
and  by  them  we  can  find  the  Lines  ot,  t  4,  S  4» 
and  S  t.  For  p  l  is  to  q  0,  as  /  s  is  wot:  And 
in  the  Triangle  oik.,  by  having  ol  and  the  Angle 
4,  we  can  find  0  4 and  l  4,  and  thereby  Ik.,  S  4, 
and  S  t.  Now  when  the  Center  of  the  Moon  is 
feen  at  t,  then  is  the  vifible  Conjunction  of  the 
Sun  and  Moon.  And  therefore  We  fay,  As  q  0  is 
too  t ,  or  as  pi  is  to  IS,  fo  is  the  Time  that  the 
Moon  moves  through  the  fpace  q  0,  to  the  Ti  ne  it 
moves  through  ot$  and  then  we  fhali  have  the 


time 
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time  between  the  true  and  viable  ConjuhSUon.  Ledlure 
From  S  upon  the  way  of  the  Moon  let  fall  a  Per-  XIV. 
pendicular  S  m,  and  in  the  Right-angled  Triangle 
S  4  m,  we  have  S  4  and  the  Angle  4  therefore 
we  can  find  out  S  m ,  which  is  the  leaft  vifible  di- 
flance,  or  the  neareft  Approach  of  both  Sun  and 
Moon.  If  this  diftance  be  greater  than  the  Sum 
of  the  Semidiameters  of  the  Sun  and  Moon ,  there 
will  be  no  Eclipfe  vifible  in  that  place  ;  but  if  it 
be  lefs,  the  difference  reduced  into  Digits  will 
fliew  the  Quantity  of  the  Eclipfe.  Having  the 
fide  S  tn,  and  the  Angle  t  S  m,  which  is  equal  to 
the  Angle  4>  we  can  find  out  the  Line  t  m,  and 
thence  the  time  the  Motin,  in  her  vifible  way,  takes 
to  deferibe  the  Line  t  m,  which  is  the  time  be¬ 
tween  the  vifible  Conjunction  and  the  Moment  of 
greateft  Obfcuration. 

THE  Beginning  of  the  Eclipfe  is  thus  deter¬ 
mined:  Let  ^  be  a  Portion  of  the  Ecliptick,  as 
before  ;  S  the  Center  of  the  Sun  3  let  q  4  be  the 
vifible  way  of  the  Moon ,  S  m  its  fhortelt  diftance  twn&ftbe 
from  the  Sun.  Draw  from  the  Sun  to  the  way  of  Beginning 
the  Modn  the  Right  Line  s  q  equal  to  the  Semi-  at^ 
diameters  of  both  Sun  and  Moon  :  And  then  when 
the  Center  of  the  Moon  comes  to  7,  the  Eclipfe 
will  begin  to  be  vifible,  and  the  two  Margins  of 
the  Sun  and  Moon  will  feem  to  touch  one  another. 

In  the  Redlangled  Triangle  q  5  tn,  we  have  the 
fide  S  q,  equal  to  the  Sum  of  the  Semidiameters  of 
the  Sun  and  Moon,  and  S  rri  the  neareft  Approach 
of  their  Centers  3  from  whence  we  can  find  out  the 
Angle  q  S  m  the  Angle  of  Incidence,  and  alfo  the 
fide  q  m  ;  and  rhereby  we  have  the  time  wherein 
the  Moon  deferibes  the  Line  q  rh,  and  from  thence 
the  time  between  the  Beginning  of  the  Eclipfe 
and  the  time  of  the  greateft  Obfcuration. 

AFTER  the  fame  Method  we  may  find  the 
time  of  the  vifible  End  of  the  Eclipfe.  But  here 
we  tnuft  begin  again,  and  compute  a-new  by  the 
Parallaxes  the  vifible  way  of  the  Moon  from  the 
Sun,  after  the  ConjunSlion ,  which  will  not  be  the 
fame  it  was  before.  For  the  Inclination  of  the 

vifible 
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Lediure  vifib-Ie  »  *  ’ant!)  changing,  becaufe  the 

XI V.  Quant  it  v  *  trail  ax  rs  in  a  perpetuax  Flux,  as 

the  Moon  i  ies  and  falls  m  Aid  ude.  Seek  there¬ 
fore,  about  an  b  ur  a  r  rh  Conjunction^  the  vifi- 
b!e  Longitude  of  the  Moon  trom  the  Sun ,  and  its 
vilible  Latitude,  and  from  them  compute  the  In¬ 
clination  of  the  Moon  >  wa)  from  the  Sun  ;  which 
being  found,  by  the  fame  Method  we  found  the 
time  of  the  Beginning  of  the  Eciipfe,  we  may  like- 
wife  find  the  time  of  its  End. 

A  Deter-  IF  the  Pbajis  of  an  Eciipfe  for  any  Moment  of 
initiation  of  time  be  required,  find  for  that  time  the  place  of 
for  any  Mo-  t^ie  Moon  in  her  vifible  way,  and  at  that  Center, 
‘ment  of  and  with  a  diftance  equal  to  the  Semidiameter  of 
Time.  the  Moon ,  defcribe  a  Circle  $  likewife  at  the  Cen¬ 
ter  S,  with  a  diftance  equal  to  the  Semidiameter 
of  the  Sun ,  defcribe  another  Circle  ;  the  Inter- 
fedtions  of  theie  two  Circles  will  fhew  the  Phajls 
of  the  Eciipfe,  and  the  Quantity  of  Obfcuration,  as 
alfo  the  Pofition  of  the  Cufps  or  Horns* 

BEFORE  we  make  an  end  of  this  Doctrine 
of  Eclipfes,  it  will  be  requifite  to  explain  one  no¬ 
table  Appearance,  and  to  fhew  the  Reafon  of 
it. 

I N  Total  Eclipfes  of  the  Moon,  even  when 
flie  is  near  the  Center  of  the  Shadow,  her  Body  is 
frequently  to  be  feen  of  a  pale  and  languid  Colour, 
which  could  not  be  without  her  being  illuminated 
with  fome  Light  ;  and  fome  will  wonder  from 
whence  arifes  this  Light.  Some  iufpedted  that  it 
was  the  native  and  proper  Light  of  the  Moon  her 
felf.  Others  derived  it  from  the  Planets  and  Stars ; 
for  the  Interpofition  of  the  Earth  intercepts  all 
the  Light  of  the  Sun,  and  feems  to  bring  a  rhick 
Darknels  upon  the  whole  fpace  taken  up  by  the 
Conical  Shadow.  But  we  muft  confider  that  the 
Earth  is  furrounded  with  a  Sphere  of  Air  of  a 
confiderable  Depth  and  Denfity,  which  has  a  re¬ 
fractive  Power,  whereby  it  turns  the  Rays  of  the 
Sun  out  of  their  way  when  they  fall  upon  it,  and 
snakes  them  enter  the  Conical  Shadow  ;  which 
therefore  wild  be  illuminated  by  that  final!  Quan¬ 
tity 
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ticy  of  Light  which  falls  obliquely  on  our  Atmo-  Le&ure 
fphere,  and  imparts  to  all  the  Bodies  within  it  XV. 
a  faint  Light,  the  which  will  illuminate  the 
Moon,  even  when  it  is  in  the  midft  of  the  Shadow,  e 
and  make  it  vifiblc  to  our  Eyes,  as  the  Figure  FiCT>5> 
fliews. 

LECTURE  XV. 

1  '  f’JY  l  Ol  .  •  ‘  i,  O  T 

Of  the  Phenomena  or  Appearances  arifing 
from  the  Motions  of  the  Earth,  and  the 
two  infer  lour  Vianet  s  Venus  and  Mei> 
cury. 

n  1  »> 

IT  HER  TO  we  have  contem¬ 
plated  the  Motions  of  the  Earth 
and  Moon,  and  have  given  an  Ac¬ 
count  of  many  Appearances  that 
arife  from  them.  The  Moon  indeed 
is  no  primary  Planet,  but  a  fecon- 
dary,  which  does  no  other  ways  go  round  the  Sun 
the  true  Center  of  our  Syftem,  than  by  accom¬ 
panying  our  Earth  to  whom  (lie  properly  belongs, 
in  her  annual  Courfe  round  the  Sun. 

BUT  the  Chief  and  Primary  Planets  of  our  ryCjq~r^ 
Syftem,  which  perform  their  Circulations  round  mary  pj*. 
the  Sun,  without  regarding  any  other  Body,  are  nets, 
in  Number  fix,  vi*.  Mercury  Venus  the 
Earth  Mars  $  ,  Jupiter  #,and  Saturn  ,  whofe 
Motions  and  Appearances  are  now  to  be  explain¬ 
ed.  And,  firft ,  we  have  already  demonftrated, 
that  the  Orbits  of  Venus  and  Mercury  include  the 
Sun ,  and  that  they  are  included  within  the  Orbit 
of  the  Earth  ;  and  fince  they  finifli  their  Circula¬ 
tions  in  lels  time  than  the  Earth  d<  cs,  it  is  ma- 
mfcft  that  thefe  Planets  feen  from  the  Sun,  will 

appear 
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Ledhire  appear  in  the  HeaV'enS  fometimes  nearer,  and 
XV.  lometinies  further  from  the  Earth  ;  and  that  fome- 
times  they  may  from  thence  appear  in  the  fame 
Point,  and  fometimes  in  oppofite  Points  of  the 
Heavens,  with  the  Earth.  And  becaufe  Venus  arid 
Mercury  are  carried  fafter  about  than  the  Earth, 
a  Spectator  in  the  Sun ,  after  feeing  either  of  them 
in  Conjunction  with  the  Earth ,  will  fee  it  recede 
from  the  Earth ,  which  follows  with  a  flower  Mo¬ 
tion,  and  get  by  degrees  a  good  way  to  the  Haft 
of  the  Sun. 

A  S  thefe  Pianets,  feen  frorh  the  Sun ,  change  their 
Portions  in  refpecft  to  the  Earth,  fo  likewife  we 
feeing  them  from  the  Earth,  obferve  that  they 
change  their  Pofitions  in  refped:  to  the  Sun,  arid 
are  fometimes  nearer,  fometimes  further  removed 
front  him  ;  and  fometimes  they  appear  in  Con¬ 
junction  with  the  Sun .  But  the  Conjunctions  of 
Trn  Cafes  thefe  Planets  feen  from  the  Earth,  do  not  only 
%ionsJ.Un  happen  when  the  Earth  and  they  are  feen  toge¬ 
ther  in  Conjunction  from  the  Sun,  but  alfo  when 
a  Spectator  in  the  Sun  fee§  the  Earth  and  them  in 
Plate  xiii.  Opposition  :  even  then  the  Sun  and  they  feen 
I#  from  the  Earth ,  appear  to  be  in  Conjunction.  For 
let  S  be  the  Sun,  ABC  the  Orbit  of  the  Earth, 
F  H  V  the  Orbit  of  Venus  ;  and  let  the  Earth  be 
in  T  and  Venus  in  V,  in  the  Line  which  joins 
the  Centers  of  the  Earth  and  Sun  :  In  this  Po¬ 
rtion  Venus  feen  out  of  the  Sun  is  in  Conjunction 
with  the  Earth,  as  the  Sun  from  the  Earth  is  feen 
conjoined  with  Venus. 

BUT  if  the  Earth  were  in  T,  and  Venus  in  F, 
a  Spectator  in  the  Sun  will  fee  Venus  and  the  Earth 
in  Oppofition,  or  in  oppofite  Points  of  the  Hea¬ 
vens.  But  a  Spectator  in  the  Earth  will  fee  Venus 
not  in  Oppofition  to  the  Sun,  but  in  Conjunction 
with  him.  In  the  fir  ft  Cafe  of  thefe  Conjunctions 
Venus  is  between  the  Sun  and  the  Earth  ;  in  the 
other  the  Sun  is  fituated  between  the  Earth  and 
Venus',  and  Venus  goes  above  th  c  Sun  :  the  firft  is 
called  the  infeuour  Conjunction ,  the  fccond  the 
fup  er  lour. 

AFTER 
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AFTER  either  of  thefe  two  forts  of  Conjun -  Ledhire 
Stionsf  Venus  will  feem  daily  to  remove  further  XV. 
from  the  Neighbourhood  of  the  Suny  and  will 
daily  feem  to  get  further  off  from  him  ;  but  {till 
file  keeps  within  certain  Bounds,  for  file  never 
comes  to  be  oppofite  to  the  Sun  ;  nor  dees  (lie 
even  arrive  at  Quadrant  He  Afpett,  which  is  90  De* 
grees,  or  a  Sextile  AfpeEl,  which  is  60  Degrees 
diftant  from  the  Sun.  And  Venus  is  feen  at  her 
greateft  diftance  from  the  Sun,  *  when  the  Line 
which  joins  her  Center  with  the  Earth  touches 
the  Orb  of  Venus ,  as  about  D.  For  when  this 
Planet  is  further  advanced  to  H,  its  place  in  the 
Heavens  is  feen  to  be  nearer  to  the  Sun  than  it 
was  before  at  D.  Now  before  file  came  to  D,  ftie 
always  receded  more  and  more  from  the  Sun.  And 
after  flie  has  left  D,  fhe  every  Day  comes  nearer 
to  the  Sun  :  It  is  neceffary,  that  between  the  times 
of  her  Recefs  and  Approach,  flie  become  ftatio-  v.lbn- 
nary  in  refpedf  to  the  Sun ,  and  for  fome  time  IS  from 
appear  to  keep  the  fame  diftance  from  him  •  at  ^ Sun. 
which  time  the  viliblc  Motion  of  Venus  will  be  e- 
qual  to  that  of  the  Sun.  The  Arch  of  a  great 
Circle  intercepted  between  Venus  and  the  Sun ,  is 
called  the  Elongation  of  that  Planet  from  the 
Sun. 

BUT  here  it  is  to  be  obferved,  that  only  in  a  rke 
Circle,  which  has  the  Sun  for  its  Center,  the  n0t 

greateft  Elongation  happens,  when  the  Right  Line  greattfi 
which  joins  the  Earth  and  Planet  touches.  For  in 
an  Elliptick  Orbit  it  may  be,  that  the  Elonga-  touching  the 
tion  from  the  Sun  may  grow  ftill  greater,  even  af-  Planets 
ter  it  has  left  the  place  where  the  Line  joining 
the  Earth  and  Planet  touches  its  Orbit.  For  af¬ 
ter  that,  the  true  diftance  of  the  Planet  from  the 
Sun  may  incrcafe,  whilft  the  diftance  of  the  Sun 
nd  Planet  from  the  Earth  docs  not  increafe,  but 
ley  may  rather  decreafe.  And  therefore  in  two 
Triangles  the  greater  Bafe  will  fubtend  the  grea¬ 
ter  Angle.  But  becaufe  the  Orbits  of  the  Pignuts 
are  nearly  circular,  fuch  final!  differences  may  be 
here  negle&cd, 

THE 
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Ledhire  THE  greateft  Elongation  of  Venus  is  found 
XV.  by  Obfervation  to  be  about  48  Degrees*  by  which 
in  a  circular  Orbit  we  may  know  the  diftance  of 
Venus  from  the  Sun  in  refpedt  of  the  Earth* s  di¬ 
ftance  from  the  fame  ;  For  S  T  is  to  5  D}  as  the 
Radius  is  to  the  Sine  of  the  Angle  STD,  which 
is  rhe  greateft  Elongation. 

HENCE  alfo  it  is  manifeft,  that  Venus,  from 
the  time  of  her  fupericur  Conjunction,  where  fie 
is  furtheft  from  the  Earth,  to  the  time  of  her  in- 
feriour  Conjunction  with  the  Sun,  where  fie  ap¬ 
proaches  neareft  it,  is  always  feen  more  EarJierlj 
than  the  Sun  ;  and  all  that  time  Venus  fets  later 
than  the  Stin,  and  is  feen  after  Sun-fetting  ;  and 
then  fie  is  called  the  Evening-Star  or  Vejperus , 
being  a  Fore-runner  of  Night  and  Darknefs. 
But  from  the  inferiour  Conjunction,  till  fie  comes 
again  to  the  fuperiour,  fie  is  always  obferved  to 
be  to  the  fVeJhvard  of  the  Sun,  and  confequently 
muft  fet  before  him  in  the  Evening,  and  rife  be¬ 
fore  him  in  the  Morning,  and  then  fie  is  only  to 
be  feen  before  Sun-rifng  ;  when  fie  is  called  the 
JMornijig-Star  or  Pbojphorus,  her  Appearance  fore¬ 
telling  that  Light  and  Day  are  at  hand. 

LET  us  now  fuppofe  Venus  and  the  Earth 
to  be  feen  out  of  the  Sun  in  Conjunction,  and  the 
one  to  be  at  V,  the  other  in  T,  in  the  fame 
Point  of  the  Ecliptick  :  In  which  Politio n  Venus 
#nd  the  Sun  are  feen  from  the  Earth  likewife  in 
Conjunction.  After  this,  Venus  circulating  fafter 
than  the  Earth,  being  come  again  to  V,  and  ha¬ 
ving  finified  her  Courfe,  and  by  an  angular  Motion 
round  the  Sun  deferibed  four  Right-angles,  will 
not  have  overtaken  the  Earthy  who  in  the  mean 
time  has  proceeded  further  in  her  proper  Orbit. 
And  therefore  Venus  mull  fill  move  further  on  to 
come  in  a  Right  Line  between  the  Sun  and  the 
Earth.  Let  S  L  M  be  the  next  Right  Line  in 
which  Venus  is  feen  from  the  Sun  together  with 
the  Earth,  fo  that  Venus  may  be  in  L  when  the 
Earth  is  in  M  :  now  before  Venus  can  overtake  the 
Earth ,  fie  mull  not  only  finifti  her  whole  Circula¬ 
tion 
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tioti  or  four  Right-angles,  but  alio  fo  much  angu-  Le&uref 
lar  Motion  more  as  the  Earth  has  made  in  the  XV. 
mean  time  round  the  Sun.  Now  the  angular  Mo-  ^-y>0 
rions  of  Venus  and  the  Earth  performed  in  the 
fame  time,  are  reciprocally  as  the  Periodical  Times 
of  Venus  and  the  Earth.  And  therefore  as  the  Pe-  The  time 
riodical  Time  of  the  Earth  is  to  the  Periodical 
Time  of  Venus ,  fo  is  the  angular  Motion  of  Venus  ons  0f  tbe 
(which  is  equal  to  four  Right  Angles,  and  mor e-fame  imd* 
over  to  the  angular  Motion  the  Earth  makes  from 
the- time  of  one  Conjunction  to  the  next,)  to  the 
angular  Motion  of  the  Earth.  And  therefore  by 
Divilion  of  Proportion,  As  the  Difference  between 
the  Periodical  Times  of  the  Earth  and  Venus  is  to 
the  Periodical  Time  of  Venus ,  fo  are  four  Right 
Angies  to  a  fourth  Quantity ;  which  fliews  the  an¬ 
gular  Motion  of  the  Earth  from  the  time  of  her 
Conjunction  with  Venus.,  to  the  time  of  the  next 
Conjunction  of  the  fame  kind.  Now  the  Periodical 
Time  of  the  Earth  is  365  Days  and  6  Hours,  or 
8766  Hours.  And  the  Period  of  Venus  confifts  of 
224  Days  16  Hours,  or  5392  Hours,  whofe  Dif¬ 
ference  is  3374  Honrs.  Say  then,  As  3374  is  to 
5392,  fo  are  four  Right  Angles  or  360  Degrees, 
to  a  fourth  Number  of  Degrees,  which  is  575  ; 
which  Motion  is  equal  to  a  Circulation  and  a  half, 

.and  befides  to  35  Degrees;  which  angular  Mo¬ 
tion  the  Earth  makes  in  the  fpace  of  one  Year 
and  218  Days.  And  therefore  if  Venus  fliould  be 
this  Day  in  Conjunction  with  the  Sun  in  the  in- 
feriour  part  of  her  Orbit,  fie  will  not  come  to  the 
fame  Conjunction  again  till  after  a  Year  and  feven 
Months  and  twelve  Days.  And  if  one  Conjunction 
be  in  the  beginning  of  Aries,  the  next  will  fall 
out  when  the  Sun  is  in  Scorpio.  There  is  the  fame 
diftance  of  time  between  any  two  other  fimilar 
Portions  of  Venus  and  the  Sun.  For  Example,  be¬ 
tween  two  {'upenom  Conjunctions,  or  between  two 
fuch  Situations  of  Venus ,  where  flic  has  a  given 
Elongation  from  the  Sun  the  fame  way. 
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tenure  THIS  Problem  and  another  of  rhe  fame  Na- 
XV.  ture  about  the  Conjunctions  of  the  Sun  and  Mgon, 
are  otherwife  folved  by  the  Ajironomers  ;  for  they 
Another  find  out  the  Diurnal  Motion  of  Venus  feen 
fng  °tbed&~  ^rom  the  $un>  and  like  wife  the  Diurnal  angular 
ft&fc  Motion  of  the  Earth  ;  and  the  difference  of  thefe 
Motions  is  the  relative  Diurnal  Motion  of  Venus. 
from  the  Earth ,  or  the  Quantity  by  which  Venus 
is  feen  to  recede  from  the  Earth  every  Day  by  a 
Spectator  in  the  Sun,  Thus  the  middle  Motion  of 
the  Earth  is  every  Day  about  59  Minutes  and  8 
Seconds  :  Venus's  middle  Motion  in  a  Day,  is 
j  Degree  36  Minutes  and  8  Seconds,  whofe  dif¬ 
ference  is  37  Minutes,  Say  therefore,  As  37  Mi¬ 
nutes  is  to  360  Degrees,  or  to  21600  Minutes,  fo 
is  one  Day  to  that  fpace  of  time,  wherein  Venus 
having  left  the  Eftrth,  has  receded  from  her  360 
Degrees  ;  that  is,  to  the  time  in  which  flic  returns 
to  the  Earth  again,  which  is  the  time  between 
two  Conjunctions  of  the  fame  kind,  which  will  be 
found  to  conlift  of  583  Days. 

BUT  thefe  Conjunctions  are  here  computed  apT 
cording  to  the  middle  Motions  of  the  Planets ,  lup- 
poling  them  to  move  always  equably,  or  with  the 
fame  angular  Velocity  ;  and  they  are  therefore 
called  mean  Conjunctions.  But  becaufe  Venus  and 
the  Earth  are  really  carried,  in  EJiiptick  Orbits,  in 
which  their  Motions  are  conftantly  variable, 
fomenmes  going  falter,  and  fometimes  flower  ,  it 
may  be,  that  the  true  Conjunctions  fliall  happen 
fome  few  Days  fooner  or  later  than  the  Computa¬ 
tion  we  have  given  ;  yet  having  the  time  of  the 
Meant  Conjunction,  the  true  Conjunction  is  from 
xin.  thence  to  be  computed  after  this  manner  :  Let 
:  *2.  be  the  Ecliptick,  in  which  A  is  the  Point 

where  the  Planets  are  to  be  in  Conjunction  accord¬ 
ing  to  the  mean  Motion.  For  the  time  of  this 
Conjunction  compute  by  Aftronomical  Tables  the 
true  Places  of  the  Earth  and'  Venus  in  the  Eclip- 
tick  ,  and  fuppofe  Venus's  true  place  in  the  Eclip¬ 
tick  to  be  D,  and  the  Earth  in  T,  by  which  we 
fh all  find  the  diftance  of  the  Earth  and  Venus 
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^cen  from  the  Sunz  But  we  have,  for  that  time,  Leehire 
the  Angular  Motions  of  thefe  two  Planets  for  any  XV. 
given  fpac'e  of  time  *  for  Example,  for  fix  Hours  *  t/'yvj 
and  the  difference  of  thefe  two  Motions  will  give 
the  Accefs  of  Venus  to  the  Earth,  or  her  Recefs 
from  it  in  fix  Hours.  Say  then,  As  this  differcacc 
of  Motions  is  to  D  T,  fo  is  fix  Hours  to  the 
time  between  the  Alcan  Conjunction  and  the  true  * 
which  time  added  to,  or  fubftracied  from  the  time 
of  Mean  Conjunction ,  as  Venus  is  to  the  Eajl  or 
PVcfl  of  the  Earth ,  ftiews  the  time*  of  their  true 
Conjunction. 

.  1 T  is  plain  from  the  Infpecftion  of  the  Figure,  Venus  con  * 
that  though  Venus  does  nearly  always  keep  the EjCtly 
fame  diftance  from  the  Sun ,  yet  file  is  continually  cJjvj^cse  °ct 
Changing  her  diftance  from  the  Earth ;  and  her  from  the 
diftance  is  greateft,  when  file  is  feen  in  her  fupe- Eanh* 
riour  Conjunction  with  the  Sun  ;  and  it  is  the  leaft 
when  file  is  in  her  inferiour  Conjunction  :  And  the 
difference  is  fo  great,  that  it  equals  the  whole  Dia¬ 
meter  of  Venus's  Orbit  ;  fo  that  the  diftance  of 
Venus  from  the  Earth ,  when  file  is  in  her  fuperiour 
Conjunction ,  is  to  her  diftance  from  the  Earth  in 
the  inferiour,  as  i  to  6  :  And  therefore  Venus  ap¬ 
proaches  the  Earth  fi^  times  nearer  in  the  one  Po- 
fition  than  in  the  other  *  and  juft  fo  much  are 
the  apparent  Diameters  of  Venus  changed,  as  we 
cbferve  them  to  be.  But  thefe  greateft  and  leaft 
diftances  are  fomewhat  changeable  upon  the  Ac¬ 
count  of  the  Elliptical  or  Excentrick  Orbits :  For 
Venus  is  then  mold  remote  from  the  Earth ,  where  the 
fuperiour  Conjunction  happens  when  Venus  and  the 
Earth  are  both  in  their  Aphelions.  And  the  di¬ 
ftance  of  Venus  and  the  Earth  is  the  leaft  of  all, 
when  the  inferiour  Conjunction  falls  out  when  Ve¬ 
nus  is  in  her  Aphelion  and  the  Earth  in  her  Peri¬ 
helion.  ...  -rL.nu  r 

BECAUSE  Venus  is  an  opake  Globe  with-^  venus^* 
out  any  Light  of  her  own,  and  only,  flnnes/)'^  tbofe  of 
with  the  borrowed  Light  of  the  Sun ,  that  Face 
Venus  will  only  appear  bright,  which  is  turned  to- 
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wards  the  Sun ,  while  the  oppofite  remains  inf 
Darknefsj  and  for  want  of  Light,  is  altogether 
invifible.  Wherefore  if  the  Situation  of  the  Earth 
be  fuch,  that  this  dark  fide  of  Venus  be  turned 
toward  the  Earth,  Venus  will  become  invifible, 
except  by  chance  (lie  appear  like  a  black  Spot  in 
the  Disk  of  the  Sun  ;  But  if  the  whole  illuminated 
Face  of  Venus  be  turned  towards  the  Earth ,  as  it 
is  when  fhe  is  near  her  fuperiour  Conjunction,  then 
fire  appears  like  a  full  fhinitrg  Orb  :  and  accord¬ 
ing  to  the  different  Pofitions  of  the  Earth,  Venus  and 
the  Sun  •  Venus  will  have  different  Forms,  and  ap¬ 
pear  with  different  Faces  and  Figures,  and  will 
undergo  the  fame  Changes  and  VicifTttudes  in  her 
Appearances  that  the  Moon  does. 

LET  A  B  C  D  E  F  GH  be  the  Orbit  of  Venus ,  TL 
a  Portion  of  the  Orbit  of  the  Earth ,  in  which' 
the  Earth  is  at  T,  and  let  Venus  be  in  A  in  her  fu¬ 
periour  ConjunClton  with  the  Sun  ;  it  is  mariifeft  in 
this  Situation  of  thefe  two  Planets,  that  the  Face' 
of  Venus  which  is  illuminated  by  the  Sun ,  is  like- 
wife  turned  towards  the  Earth  •  and  then  Venus’ 
will  appear  to  us  like  a  full,  lucid  Circle,  as  the1 
Moon  does  at  Full  :  But  when  fhe  has  gone  from 
thence  to  the  Pofition, B,  fome  part  of  her  obfeure- 
Hemifphere  will  be  turned  towards  the  Earth,  and 
wall  lofe  fomething  of  her  Fulnds,  and  feem  to  us 
tobegibbofe.  When  Venus  comes  to  the  Pofition 
C,  but  half  her  illuminated  fide  is  turned  towards 
the  Earth ,  and  then  fne  is  feen  like  a  half  Circle, 
as  the  Moon  is  when  file  enters  in  her  firft  or  laffc 
Quarter.  But  Venus,  when  file  arrives  at  the  Po¬ 
fition  D,  has  but  a  fmall  part,  of  her  illuminated 
fide  turned  towards  the  Earth  :  And  becaufe  (lie 
is  of  a  fpherical  Figure,  which  to  us,  becaufe  of  its 
great  dillance,  appears  like  a  Plane  ;  the  illumi¬ 
nated  part  which  we  fee  will  appear  to  end  in 
Points  or  Horns,  whofe  Direction  is  always  op¬ 
pofite  to  the  Sun.  But  Venus,  when  fhe  is  in  the 
Pofition  E,  that  is,  in  her  inferiour  Conjunction  with 
the  Sun ,  has  her  dark  fide  totally  turned  towards 
the  Earth ,  and  then  (lie  q'uite  difappears,  unlefs 
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fhe  happen  to  be  in  her  Node,  or  near  it;  then  file  Ledture 
will  appear  like  a  black  Spot  to  pals  over  the  Bo-  XV. 
dy  of  the  Sun  ;  which  delightful  Spectacle  was 
never  feen  by  mortal  Eyes  but  once  ;  and  it  was 
our  Countreyman  Mr.  Horrox ,  who  alone  enjoy’d 
that  Pleafure.  Venus  will  undergo  the  fame  Pbd- 
fes  while  fhe  palfes  through  F,  G  to  H.  vi%.  about 
F  file  is  horned,  in  G  a  half  Circle,  in  H  gibbole, 
and  in  A  again  full. 

THESE  Appearances  of  Venus ,  though  they 
are  not  to  be  difeerned  by  the  naked  Eye,  yet  they 
are  diftindtly  and  plainly  to  be  perceived  with  a 
Telefcope.  Before  the  Invention  of  this  noble  In- 
ftrument,  when  Copernicus  firft  revived  the  ancient 
Pythagorean  Syftem ,  and  propofed  it  to  the  Learn¬ 
ed  in  Ajlronomy ,  to  whom  he  maintained,  chat  the 
Planets,  among  which  he  reckon’d  the  Earth,  did 
move  round  the  Sun,  which  was  immoveable  in 
the  Center;  it  was  obje&ed  to  him.  That  if  the 
Motions  of  the  Planets  were  fuch  as  he  fuppofed 
them  to  be,  that  then  Venus  ought  to  undergo  the 
fame  Changes  and  Phafes  as  the  Moon  does.  Co¬ 
pernicus  anfwer’d,  That  perhaps  the  Aftronomers  in  The  rro- 
after-Ages  would  find,  that  Venus  does  really  un-  ^ep.  °f  Co“ 
dergo  all  thefe  Changes.  This  Prophecy  of  Coper -  pe‘U1CuS* 
nicus  was  firft  fulfilled  by  that  great  Italian  Philo- 
fopher  Galileus 9  who  diredfing  his  Telefcope  to 
Venus,  obferved  her  Appearances  to  emulate  the  p^ed  by* 
Moon,  as  Copernicus  had  foretold:  And  thefe  Obfer-  Galileus. 
vations  did  furprizingly  confirm  the  old  Syftem  re¬ 
vived  by  Copernicus. 

I F  the  Centers  of  the  Sun  at  S,  Earth  at  T,  and 
one  of  the  inferiour  Planets  at  O  be  joined  with 
Lines,  they  will  form  the  Triangle  TSO  :  And 
if  through  the  Center  of  the  Planet  there  paffes 
two  Planes,  one  perpendicular  to  the  Line  T  O, 
and  the  other  to  the  Line  SO;  the  one  will  cut 
off  the  Hemifphere  which  is  turned  towards  the  p]atc  x  l 
Earth  ;  the  other,  that  which  is  turned  towards  ^  ^  ' 
the  Sun,  and  by  him  illuminated.  And  the  exte- 
riour  Angle  of  the  Triangle  TS  O,  which  is  at  the 
Planet ;  that  is,  the  Angle  POS,  will  be  equal  to 
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Ledlure  the  Angle  m  O  q ,  which  meafures  rn  q  the  Portion 
XV.  of  the  illuminated  Semicircle  that  is  turned  towards 
the  Earth.  For  the  Angle  S  O  r  is  a  Right  An¬ 
gle,  and  fo  is  the  Angle  m  O  T,  which  are  there¬ 
fore  equal ;  but  the  Angles  r  OP  and  p  O  q  are 
like  wife  equal,  being  vertical  to  each  other  ;  and 
therefore  taking  away  Equals  from  Equals,  there 

The  Quart-  wqj  rCmain  the  Angle  SOP,  equal  to  the  Angle 

toft  ration.  ™  O  q  ;  which  Angie  is  meafured  by  the  Arch  m  q. 

And  therefore  the  part  of  the  illuftrated  Semicircle 
which  is  towards  the  Earth ,  and  is  to  be  feen  from 
thence,  does  always  meafure  the  exteriour  Angle 
S  O  P  of  the  Triangle  SOT.  Now  this  Arch  as 
feen  from  the  Earth  is  projected  into  its  own  Ver- 
fed  Sine  upon  the  Disk,  as  we  (hewed  before  in 
the  Moon.  And  hence  the  Illumination  of  Venus 
feen  from  the  Earth ,  is  to  her  full  and  rotal  Illu¬ 
mination,  all  other  things  remaining  the  fame,  as 
the  Verfed  Sine  of  the  exteriour  Angle  at  Venus  is 
to  the  Diameter  of  the  Circle. 

ALTHOUGH  Venus  in  A  fliines  upon  the 
Earth  at  T  with  a  full  Face  or  Orb,  yet  fhe  does 
not  appear  there  with  her  greateft  Brightnefs  and 
Luftre  5  for  her  Splendor  is  diminifhed  on  the  ac¬ 
count  of  her  greater  diftance  from  the  Earth  g 
and  it  is  leflened  in  a  greater  Proportion  than  the 
confpicuous  part  of  the  illuminated  Disk  is  en- 
creafed.  For  the  Luftre  of  Venus  decreafes  in  the 
duplicate  Proportion  of  the  diftance  increafed. 
But  the  vifibie  illuminated  part  of  her  Face  en- 
creafes  only  according  to  the  verfed  Sine  of  the 
Angle  SOP  j  and  therefore  the  great  Brightnefs 
of  Venus  is  not  when  (lie  is  in  A,  but  rather  when 
Hie  is  about  O.  For  fuppofe  Venus  at  O  four  times 
nearer  the  Earth  than  when  fhe  is  in  A  ;  in  that 
cafe  every  determined  part  of  the  illuminated  Disk 
will  give  fifteen  times  more  Light  than  the  fame 
part  does  at  A:  but  in  O  it  may  happen  that  on¬ 
ly  a  fourth  part  of  the  illuminated  Disk  can  be 
feen  from  the  Eifatb  ;  and  therefore  the  Brightnefs 
of  Venus  is  more  encreafed  by  her  diftance  being 
diminifhed,  d*an  the  fam$  Brightnefs  is  leflened 
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on  account  of  a  fmallcr  Portion  of  her  illuminated  Ledlure 
Disk  being  vifible  from  the  Earth.  XV. 

IF  you  defire  to  know  in  what  Pofition  Venus 
appears  with  the  greateft  Luftre,  the  great  Geome-  where  the 
ter  and  Aftronomer ,  Dr.  Edmund  Halley  my  C’oilegue,  ^neauiL 
has  given  us  an  elegant  Solution  of  this  Problem 
in  the  Philofophtcal  Tranj actions ,  Numb.  349. 
wherein  he  has  fhewn  that  Venus  is  brighteft: 
when  (he  is  about  4oDegrees  removed  from  the  Sun; 
and  that  then  but  only  a  fourth  part  of  her  lucid 
Disk  is  to  be  feen  from  the  Earth.  And  in  this  Si¬ 
tuation  Venus  has  been  many  times  feen  in  the 
Day-time,  even  in  full  Sun-fhine.  This  Beauty 
and  Brightnefs  of  Venus  is  very  admirable,  who 
having  no  native  Light  of  her  own,  and  only  en¬ 
joying  the  borrowed  Light  of  the  Suni  fhould  yet 
break  out  into  fo  great  a  Luftre,  that  the  like  is 
not  to  be  obferved  in  ‘Jupiter ,  nor  even  in  our 
Moon,  when  (lie  is  in  the  fame  Elongation  from 
the  Sun.  ’Tis  true,  the  Moon's  Light  is  much 
greater,  upon  the  account  of  her  apparent  Magni¬ 
tude,  than  that  of  Venus  ;  yet  it  is  but  a  dull,  and 
as  it  were,  dead  Light,  which  has  nothing  in  it  of 
that  Vigour  and  Brisknefs  that  does  always  accom¬ 
pany  the  Beams  of  Venus.  The  Plane 

I  F  the  Plane  of  the  Orbit  of  Venus  coincided 
perfectly  with  the  Plane  of  the  Ecliptick,  Venut  not  [ie  ,‘n 
would  always  feem  to  move  in  the  Ecliptic 4,  and  tboEclip- 
no  where  recede  from  it.  But  Venus’s  Orbit  does  ^ 
not  lie  in  the  Plane  of  the  Ecliptick,  but  is  in  a 
Plane  which  is  inclined  to  ir,  in  an  Angle  of  3  De¬ 
grees  and  24  Minutes,  and  cuts  the  Plane  of  the 
Ecliptick  in  a  Line  which  pa  lies  through  the  Sun  s  Thc,  J]re  ^ 
Center,  that  is  called  the  Line  of  the  Nodes.  And  the  Ncxtes. 
the  two  Points,  where  the  Orbit  of  the  Planet  pro¬ 
duced  cuts  the  Ecliptick,  are  named  the  Nodes. 

And  therefore  Venus  is  never  leen,  either  from  the 
Sun  or  the  Earthy  in  the  Ecliptick,  but  when  fhe 
is  in  the  Nodes  ;  in  all  the  other  Points  of  her  Or¬ 
bit  fhe  is  fomecimes  nearer  to  the  Ecliptick,  fome- 

1 

times  further  from  it  ;  and  feen  from  the  Sun ,  (he 
makes  her  greateft:  Exourfion  when  fhq  is  90  De¬ 
grees  diftant  from  both  the  Nodes. 
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Lecfture  LET  TAB  be  a  Circle  in  the  Plane  of  the 
XV.  Ecliptick,  L«VN  the  Orbit  of  Venus ,  cutting 
the  Plane  of  the  Ecliptick  in  the  Line  n  N  ;  we 
rnuft  conceive,  the  one  half  of  this  Orbit  of  Vet- 
,  nus  wLN,  robe  railed,  or  to  Hand  above  the 

jig*  *  Plane  of  the  Ecliptick,  and  the  other  half  n  V  N 
to  tall  below  that  Plane ;  and  when  Venus  is  in  N 
or  n,  fhe  is  then  in  the  Ecliptick  :  But  when  flie 
arrives  at  P,  fhe  is  feen  to  deviate  from  it  ;  but 
in  L,  the  Arch  NL  being  a  Quadrant  feen  from 
the  Sun ,  fhe  appears  to  recede  the  furtheft  from 
the  Ecliptick  ;  and  this  Point  L  is  called  the  Li¬ 
mit,  determining  her  greateft  Excurfion.:  for  from 
thence  departing,  fine  again  approaches  the  Eclipr 
tick.  If  from  the  Place  of  Venus ,  as  in  P,  we  let 
fall  on  the  Plano  o.f  the  Ecliptick  a  Perpendicular 
P  E,  and  draw  S  E  the  Angle  P  S  E  will  meafure 
the  diftance  of  Venus  from  the  Ecliptick,  which 
T*,  Hell,  is  called  Venus's  Heliocentric!^  Latitude,  orfuch  as  it 
tuSe.  ^a*^s  ^een  from  the  Sun.  Now  this  Latitude,  having 
the  place  of  the  Planet  in  its  Orbit,  is  thus  in- 
veftigated :  Let  the  Arch  N  E  be  a  Portion  of  the 
Ecliptick,  N  P  a  Portion  of  the  Planet  s  Orbit 
produced  to  the  Heavens :  Let  P  be  the  Place  of 
Venus,  N  the  Node ;  and  let  a  Circle  pafs  through  thq 
place  of  the  Planet  perpendicular  to  the  Ecliptick; 
the  Arch  P  E  of  this  Circle,  intercepted  between 
the  Planet  and  the  Ecliptick,  is  the  diftance  of 
the  Planet  from  the  Ecliptick,  or  the  Meafure  of 
the  Angle  P  S  E.  Now  in  the  fpherical  Rectan¬ 
gular  Triangle  P  N  E,  belides  the  Right  Angle  at 
E,  we  have  the  Side  N  P,  the  diftance  of  the 
Planet  from  the  Node,  alfo  the  Angie  N  the  In¬ 
clination  of  the  Piane  of  the  Orbit  to  the  Eclip¬ 
tick  ;  wherefore  by  Trigonometry  we  can  find  out 
P  E,  which  is  the  Heliocentric 4  Latitude  of  the 
Planet.  This  Heliocentric ^  Latitude,  when  the 
Planet  comes  to  the  lame  Point  of  its  Orbit,  is  al- 
Tbe  6eo-  ways  the  fame  and  unchangeable  :  But  the  Geo- 
tuudT^ centr*ck  Latitude ,  or  the  diftance  of  the  Planet 
from  the  Ecliptick,  as  it  is  feen  from  the  Earthy 
even  though  the  Planet  be  in  the  fame  Point  of 

her 
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her  Orbit,  is  not  conftantly  the  fame,  but  alters  Ledfure 
according  to  the  Pohtion  of  the  Earth,  in  refpcbfc  XV. 
to  the  Planet.  F01  let  B  T  A  /-be  the  Orbit  of  the  'w 
Earth ,  n  P  N,  as  before,  the  Orbit  of  the  Planet , 

.which  fuppofe  to  be  at  P;  from  which  let  fall  on 
the  Plane  of  the  Eciiptick  the  Perpendicular  P  E  : 
in  whatever  part  of  her  Orbit  the  Earth  is,  this  p^afe  Xirr* 
Line  P  E  will  always  lubtend  the  Angle  which 
inealures  the  Geocentric h.  Latitude  of  the  Planet. 

Suppofe  therefore  the  Earth  at  T,  and  Venus  in  P, 
where  fine  comes  ncareft  to  the  Earth  •  in  which 
.pohtion  Venus  is  feen  in  her  inferiour  Co7ijun£lion 
with  the  Sun ,  and  her  Geocentric \  Latitude  is  mea- 
fured  by  the  Angie  PTE.  But  if  Venus  fhould 
be  in  the  fame  Situation  P,  and  the  Earth  were  at 
t ,  and  from  thence  Venus  were  obferved  in  her 
fuperiour  Conjunction  with  the  Sun ,  where  fhe  is  at 
her  greateft  diftance  from  us,  her  Geocentrical  La¬ 
titude  would  be  anlwerable  to  the  Angle  P*E,  which 
is  much  lefs  than  the  Angle  PTE;  bccaufe  the 
diftance  P  t  is  greater  than  P  T.  What  we  have 
here  laid  of  the  Latitude  of  Venus ,  is  likewife  true 
of  that  of  Mercury ,  and  upon  the  fame  Accounr. 

Hence  it  is  plain,  that  the  inferiour  Planets,  all  o- 
ther  things,  remaining  the  fame,  have  a  greater 
Latitude  when  they  are  near  the  Earth,  than 
when  they  are  further  oft.  And  it  may  happen 
that  the  Geocentrical  Latitude  of  Venus  may  be 
greater  than  her'  Heliocentric f,  which  will  be 
when  fne  is  between  the  Sun.  *  and  the  Earth,  and 
file  is  nearer  to  us  than  to  the,  Sun.  But  Mercury 
keeping  always  at  a  greater  diftance  from  the  Earth 
than  he  has  from  the  Sun,  his  Geocentric 4  Latitude 
will  conftantly  be  lets  than  his  Heliocentric ^ 
which  when  at  the  biggeft  is  about  7  Degrees^ 
for  fo  much  is  the  Inclination  of  his  Orbit  to  the 
Plane  of  the  Eciiptick. 

SINCE  none  of  the  Orbits  of  the  Planets  lie 
in  the  Plane  of  the  Eciiptick,  but  all  of  them  cut 
it  in  a  Line  paifmg  through  the  Sun,  no  Planet 
can  be  above  twice  in  the  time  of  its  Period  in 
the  Eciiptick,  which  is  when  they  are  in  their 

M  4*  Nodes  * 
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Le&'iire  Nodes ;  at  all  other  times  every  one  of  them  will 
XV.  deviate  fume  more,  fome  lefs,  from  the  laid  Plane  of 
the  Ecliptick :  But  yet  there  are  certain  determinate 
Boundaries  which  they  never  tranfgrels.  And 
therefore  if  we  imagine  in  the  Heavens  a  Zone, 
or  broad  Circle  of  zo  Degrees  breadth,  that  is, 
io  Degrees  on  each  fide  of  the  Ecliptick  which 
lies  exactly  in  the  middle  pf  this  Space  or  Zone  ; 
fuch  a  Space  will  conftantly  contain  all  the  Pla* 
The  §odi-  nets  in  its  Compafs,  and  is  called  the  Zpdiacl^,  from 
acK*  the  Images  of  living  Creatures,  or  the  Conftella- 
tions  which  fill  that  part  of  the  Heavens :  The  Earth 
keeping  always,  as  it  were,  in  the  King’s  High¬ 
way,'  never  turns  out  from  its  Courfe  in  the  Eciip- 
tick  ,  but  the  Moon,  and  the  other,  five  Wanderers 
will  make  Excursions  from  it,  for  feveral  De¬ 
grees,  lometimes  to  the  North- fide,  and  fometimes 
to  the  South-fide  of  the  Ecliptick  ;  and  yet  they 
always  keep  within  the  Bounds  of  the  %o- 


Tbe  Motion  HITHERTO  we  have  confidered  the  Mo- 
of  Venus  m  tions  and  Phafes  of  Venus ,  as  they  have  a  Rela- 
tbe  Z odi-  tion  to  the  Sun  and  Earth :  let  us  next  confider 
the  Motions  of  Venus  in  the  Heavens,  as  they  are 
obferved  from  the  Earth,  and  the  Way  fhe  rakes 
in  the  ^odiadi.  For  which  purpoie  let  ABC  be 
the  Orbit  of  Venus,  T  G  F  the  Orbit  of  the  Earth ? 
the  Circle  LMO  the  Xpdiack.  among  the  fixed 
Stars  :  and,  firft,  fuppole  the  Earth  in  T,  and  Ve¬ 
nus  in  A,  near  her  fuperiour  ConjunBion  with  the 
Sun  ;  it  is  evident,  that  a  SpeBator  on  the  Earth 9 
'Will  fee  Venus  at  A,  as  if  (he  were  in  the  Point 
of  the  X^odiar\  L  :  if  the  Earth  had  no  Motion, 
while  Venus  moves  from  A  to  B  in  its  Orbit,  it 
would  feem  to  deferibe  the  Portion  of  the  Zpdiac\ 
L  M  :  But  in  the  mean  time  the  Earth  alfo  moves  5 
and  when  Venus  is  in  B,  the  Earth  is  come  to  the 
Point  of  its  Orbit  H  5  from  whence  the  SpeBator 
looking  upon  Venus  at  B,  obferves  her  in  the  7so- 
Sack,  at  N ;  fo  that  file  will  feem  to  have  run 
through  the  Space  LMN  in  the  X^odiacI^:  and 
Venus  will  appear  to  have  gone  more  Eajhvard. 

‘  ‘  1  than 
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than  (lie  would  have  done,  bad  the  Earth  flood  Lcdlure 
(till  without  any  Motion  in  its  Orbit.  But  when  XV. 
Venus  comes  to  C,  the  Earth  has  moved  on  to  G  ; 
fo  that  Venus  is  feen  in  the  Line  GO  drawn  from  the  ^  ^  ^  ; 

Earth,  which  touches  her  Orbit;  in  which  Po-  r£$t 
firion  her  apparent  Motion  in  the  % odiacl 1  will  be 
very  nearly  equal  to  the  apparent  Motion  of  the 
Sun  :  From  thence  let  Venus  move  on  from  C  to  A? 
and  in  that  time  the  Earth  will  have  come  from 
G  to  K,  and  then  Venus  will  be  feen  near  her  in- 
feriour  Conjunction  with  the  Sun  ;  in  which  Pofition 
fhe  will  be  obferved  in  the  Zyodiaek.,  as  if  flic 
were  at  P:  but  before  fhe  was  feen  at  O,  and 
therefore  hie  will  here  appear  to  have  gone  back-  ^  Venus 
wards  in  the  Zjdiacl^  through  the  Arch  O  P,  or  to  ,l0^Uta 
have  moved  from  the  Eaft  to  the  Weft,  contrary 
to  the  Order  of  the  Signs.  And  becaufe  in  C  fhe 
was  obferved  to  go  Eaft  wards  as  fall  as  the  Sun 
does ;  but  in  A  fhe  is  feen  to  have  a  quick  Mo¬ 
tion  backward  :  There  mufl  be  fome  place  of  her 
Orbit  between  C  and  A,  where  fhe  appears  to  us 
neither  to  go  forward  nor  backward,  but  to  hand 
ftili,  £nd  continue  in  the  fame  place  in  the  Hea-  tionary. 
vens  :  In  which  cafe  fhe  is  faid  to  be  Stationary, 
or  to  fland  ftili. 

LET  Venus  now  arrive  at  E,  and  the  Earth  at 
the  Point  of  its  Orbit  F,  Venus  will  then  be  feen 
in  the  Point  of  the  Eclipt  ck  Q,  and  will  ap¬ 
pear  to  have  moved  further  backwards  in  the 
Ecliptick,  or  towards  the  Weft.  But  when  Venus 
is  feen  from  the  Earth  in  a  Line  which  touches 
her  Orbit,  fhe  will  then  feem  to  have  a  progref- 
five  Motion,  equal  ro  the  apparent  Motion  of  the 
S*un  from  Weft  ro  Raft  :  And  bccaufe  before,  her 
apparent  Motion  was  backward,  or  from  Eaft  ro 
We ft,  and  now  forward  the  contrary  way,  from 
Weft  to  Eaft,  there  mufi  be  fome  place  between 
the  two  contrary  Morions,  where  fine  will  neither 
appear  t*o  ro  backwards  nor  forward;  but  for  fome 
time  to  {land  ftilt.  and  k<. ep  the  fame  Pofition  in 
the  Heavens.  While  the  Earth  comes  to  I),  and 
Yfnus  arrives  at  C,  fhe  will  appear  in  that  rime 
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Lecture  to  have  moved  through  the  Arch  QR  of  the 
XV.  diacl^,  and  to  have  a  quicker  Morion  towards  the 
Eajl.  Hence  Venus ,  when  fhe  is  in  her  fuperiour 
Conjunction  with  the  Sun,  is  always  feen  to  move 
direddy  according  to  the  Order  of  the  Signs  ; 
but  when  Hie  is  in  her  inferiour  Conjunction ,  and 
between  the  Earth  and  the  Sun ,  then  fhe  is  teen  to 
have  a  backward  Motion,  and  to  be  carried  zr 
gainff  the  Order  of  the  Signs,  from  Eafl  to 
fVefl. 

Tbs  Ap-  WHATEVER  we  have  demonftrated  cond 
pearances  of  cerning  the  Motions  of  Venus,  is  like  wife  true, 
Mercury  and  to  be  underffood  of  the  Motions  of  Mercury  j 

Venus/^  but  the  Conjunctions  of  Mercury  with  the  Sun ,  his 

Directions,  Stations  and  Retrogradations,  are 
more  frequent  than  in  Venus  ;  for  Mercury  circu¬ 
lating  falter,  and  in  a  leffer  Orbit  than  Venus ,  does 
oftner  overtake  the  Earth  than  file.  Hence  it  is 
plain,  that  the  Motions  of  thefe  two  Planets  feen 
from  the  Earth,  are  very  irregular  and  unequal, 
Ence  they  are  fometimes  feen  to  have  a  Motion 
forward  ;  fometimes  they  appear  immoveable  or 
flationary,  after  this  they  change  their  Courfe, 
and  move  backwards,  and  after  fuch  a  Regredion 
they  again  take  up  their  Stations,  and  keep  for 
fome  time  the  fame  place  in  the  T^odiack,*  Where¬ 
as  a  Spectator  in  the  Sun  will  always  obferve  there 
Planets  to  go  forward  with  a  Motion  regulated 
after  a  certain  Rate.  For  the  apparent  Inequality 
of  thefe  Motions  feen  from  the  Earth ,  is  fuch  as 
exadly  anfwers  to  a  regular  Motion  round  the 
Sun.  And  therefore  it  is  manifdl,  that  the  Sun, 
and  not  the  Earth,  is  the  Center  of  thefe  Planets 
Motion. 

The  Orbits  W  E  fliewed  before,  that  the  O  bit  of  the  Earth 
&f  Mercury  was  not  a  Circle,  but  an  Ellipfe  ;  the  fame  thing 
EMipticaT  'ls  truc  die  Orbits  of  Venus  and  Mercury ,  and, 
of  all  the  other  Planets,  which  are  really  *Ellipfes 
and  not  Circles,  that  have  one  common  Focus  in 
which  the  Sun  refides,  about  whom  the  Planets 
perform  their  Circulations  with  Motions;  which 
though  not  perfectly  equable,  yet  they  arc  all  re¬ 
gulated 
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gulated  by  a  certain,  unchangeable  and  conftant  Le&ure 
Law,  which  none  of  them  tranfgrefs  ;  for  every  XVL 
Plane?  moves  in  the  Perimeter  of  his  own  Ellipfe, 
fo  that  the  Line  or  Ray  patting  from  its  Center  to 
the  Center  of  the  Sun,  does  always  defcribe  or 
fweep  an  Elliptick  Space  or  Area  proportional 
to  the  Time  ;or  which  is  the  fame  thing,  in  equal 
time  it  fweeps  an  equal  Area.  Hence  the  Planets 
muff  move  more  (lowly  in  their  Aphelia,  and 
quicker  in  their  Perihelia :  And  thefe  Aphelia  are 
not  like  the  Apogeon  of  the  Moon ,  but  they  are 
either  at  reft  without  Motion,  cr  if  they  have 
any,  it  is  lo  flow,  that  it  is  not  eattly  perceived 
in  the  time  of  a  Man’s  Age.  And  here  it  is  to  be 
obferved,  that  of  all  the  Planets,  Mercury  has  the 
rnoft  Excentrick  Orbit;  for  therein  the  Excentriciiy 
is  to  the  mean  diftance  as  2051  to  10000. 
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LECTURE  XVL 

Of  the  Motions  of  the  three  fuperiour  Pla¬ 
nets,  Mars,  Jupiter  and  Saturn,  and 
the  Appearances  anfingfrom  them . 

[  have  now  dwelt  long  enough  Tbefijuperh, 
on  the  Explication  or  the  Moti-  ma«  fave 
ons  of  the  two  inferiour  Planets ;  any  Tofition 
let  us  next  contemplate  the  fupe-  °rreff 
riours.  For  which  purpofe  let  the  Sun. 
ABCT  be  the  Orbit  of  the  plate  xiv. 
Earth,  and  let  Saturn,  Jupiter  and.  Flo*  *• 
Mars  turn  round  the  Sun  in  different  Orbits  at 
their  proper  diftances,  and  perform  their  Circula¬ 
tions,  each  in  its  proper  Period  ;  and  let  PQ.V 
be  a  Portion  of  the  godiac!^  in  which  thefe  Pla¬ 
nets  are  obferved  to  perform  their  Motions.  Pirfi, 

It 
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It  is  plain,  that  ail  thcfc  Planets  feen  from  the  Sun, 
may  be  obferved  either  in  Conjunction  with  the 
Earth,  or  in  Oppofition  to  it.  Thus  Saturn  may 
be  in  T>  when  the  Earth  is  in  M,  in  the  Line 
which  joins  the  Centers  of  the  Sun  and  Saturn  ;  in 
which  Cafe  the  Earth  and  Saturn  from  the  Sun 
are  feen  in  Conjunction ;  But  the  Earth  may  like- 
wife  be  in  the  fame  Right  Line  produced  the  con¬ 
trary  way,  as  in  B,  where  from  the  Sun  thefe  two 
Planets  will  be  feen  in  Oppojition  to  each  other. 
Butin  this  Situation,  the  Sun  feen  from  the  Earth, 
will  appear  to  be  in  Conjunction  with  Saturn . 
Secondly ,  It  is  evident,  that  thefe  Planets  feen  from 
the  Earth ,  may  have  any  Afpedt,  or  obtain  any 
Portion  in  refpedl  to  the  Sun,  and  may  have  any 
dejfired  Elongation  from  him;  which  cannot  be. 
in  the  inferiour  Planets,  who  are  always  confined 
to  the  Neighbourhood  of  the  Sun.  For  from  the 
Earth  T  there  may  be  drawn  a  Line  T  P,  which 
will  cut  all  the  Orbits  of  the  fuperiour  Planets,  and 
may  make  with  T  S  the  Line  which  joins  the  Sun 
and  Earth ,  any  Angle  required,  as  S  T  P.  And 
therefore  when  the  Earth  is  in  T,  Saturn  may  be 
in  F,  whole  Elongation  from  the  Sun  will  then 
be  the  Angle  STF.  Moreover,  when  the  Earth 
and  any  fuperiour  Planet  are  feen  from  the  Sim  in 
Conjunction  together,  that  Planet  obferved  from 
the  Earth ,  will  appear  in  Oppojition  to  the  Sun ; 
and  an  Inhabitant  of  our  Terraqueous  Globe,  will 
fee  the  Sun  and  it,  in  oppofite  Parts  of  the  Hea¬ 
vens. 

LET  now  any  fuperiour  Planet,  as  for  Example, 
Saturn,  be  feen  from  the  Sun  in  Conjunction  with 
the  Earth  :  After  Conjunction,  the  Earth  having  a 
quicker  angular  Motion  than  Saturn,  an  Inhabi¬ 
tant  or  Spectator  in  the  Sun  will  fee  the  Earth 
daily  to  recede  more  and  more  from  Saturn.  And 
becaule  the  Earth,  according  to  its  mean  Motion, 
does  every  Day  deferibe  an  Arch  of  the  Ecliptick 
of  59  Minutes  8  Seconds,  and  Saturn  moves  only 
2  Minutes  in  a  day,  the  Earth  will  appear  from  the 
Sun  cd  recede  ev.ery  Day  from  Saturn  the  fpace 
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tot  an  Arch  of  57  Minutes  8  Seconds.  If  we  fay  Ledhira 
then,  As  57  Minutes  8  Seconds  is  to  360  Degrees,  XVI. 
or  to  21600  Minutes,  fo  is  one  Day  to  a  fourth 
Quantity;  we  fhall  have  the  Number  of  Days  in 
which  the  Earth  will  be  again  observed  from  the 
Sun  to  be  in  Conjunction  with  Saturfi ,  which  is 
378  Days,  But  when  the  Earth  and  Saturn  are 
fecn  from  the  Sun  in  ConjunSlioiz ,  the  Sun  and  Sa¬ 
turn  from  the  Earth  appear  in  Oppofition.  And 
therefore  the  time  between  two  Qppofitions  of 
the  Sun  and  Saturn ,  immediately  following  one 
another,  computed  according  to  their  middle  Mo¬ 
tions,  is  378  Days,  or  one  Year  and  13  Days. 

And  there  is  the  fame  time  between  two  Conjun - 
client  of  Saturn  and  the  Sun  feen  from  the  Earthf 
or  between  any  two  fimilar  Afpecis  or  Elongati¬ 
ons  from  the  Sun.  And  the  time  between  the  Op¬ 
pofition  and  Conjunction  of  Saturn  with  the  Sun , 
is  the  half  of  this  time,  or  189  Days. 

B  Y  the  fame  Method  we  fhall  find,  that  the 
time  between  two  Conjunctions  or  Oppofitions  of 
Jupiter  and  the  Sun  confifts  of  398  Days,  or  a 
Year  and  33  Days.  But  Mart  after  an  Oppofition , 
docs  not  again  come  into  the  fame  Situation, 
tiil  after  2  Years  and  50  Days. 

Vvr  HEN  the  Planets  are  in  Oppofition  to  the 
Sun,  they  rife  when  the  Sun  fees  ;  and  fet  when  he 
nfes  ;  and  then  after  rheir  Departure  from  the 
Oppofition  to  the  Sun ,  they  remain  to  the  Eaft- 
roard  of  the  Sun  ;  and  after  Sun-fet  they  are  to  be 
feen  in  the  Evening,  till  they  come  in  Conjunction 
with  him,  when  they  let  and  rife  together.  After¬ 
wards,  as  they  recede  from  the  Sun ,  they  become 
more  H^efieriy  than  he,  and  are  then  only  to  be 
feen  in  the  Morning  before  the  Sun  is  up ;  for  in 
the  Evening  they  fet  before  the  Sun ,  tilt  they  ac 
laft  come  to  be  oppolite  to  the  Sun ,  when  again 
they  rife  at  Sun-fet. 

A  S  in  the  \r\Ctnom  Planets,  fo  the  fuperiour  have  The  Planes 
not  their  Orbits  in  the  Plane  of  the  Ecliptick  ; 
for  the  Planes  of  a’l  rheir  Orbits  cut  rhe  Plane  of  t0  ^g 
the  Ecliptick  in  Lines  which  pafs  through  the 

Sun, 
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Ledture  Stfn,  which  are  called,  the  Lines  of  the  Planet i 
XVI.  Nodes  :  And  the  Points  where  thefe  Lines  meet 
with  the  Ecliptick,  are  called  the  Nodes.  And 
therefore  the  fuperiour  Planets  are  never  precifely 
in  the  Ecliptick,  but  when  they  .are  in  the  Nodes : 
In  all  the  other  Points  of  their  Orbits  they  are 
further  or  nearer  to  the  Ecliptick,  according  to 
their  Diftance  from  the  Nodes  *  and  their  Distan¬ 
ces  are  greateft  when  they  are  at  equal  Diftances 
from  both  Nodes  ;  which  Points  are  called  the 
Limits ,  where  the  greateft  Heliocentric 4  Latitudes 
which  meafure  the  Inclinations  of  the  Orbits  to 
the  Ecliptick,  are  as  followeth  ;  Saturn's  greateft 
Heliocentric^  Latitude  is  z  Degrees  30  Minutes. 
Jupiter's  is  1  Degree  20  Minutes,  and  that  of  Mars 
is  1  Degree  and  52  Minutes. 

The Helio-  HAVlN  G  the  Place  of  a  Planet  in  its  Orbit, 
centrick and  or,  which  is  the  fame  thing,  its  Diftance  from  the 

Attitudes Ck  by  the  fame  Method  we  find  out  its  Hello- 

centric ^  Latitude,  as  we  did  in,  the  inferiour  Pla¬ 
nets  Mercury  and  Venus.  But  the  Geocentric 4  La¬ 
titudes,  or  the  Diftances  of  the  Planets  from  the 
Ecliptick,  as  they  arc  feen  from  the  Earth ,  depend 
much  upon  the  Pofition  and  Diftance  of  the 
Earth.  For  where  the  Heliocentric!^  Latitude  con¬ 
tinues  the  fame,  yet  according  to  the  various  Po- 
fitions  the  Earth  may  have,  the  vifible  Latitude  of 
a  Planet  feen  from  thence,  will  be  various.  For 
let  T  J  f  be  the  Orbit  of  the  Earth ;  and  the  Or- 
PUte  xiv.  bit  of  any  fuperiour  Planet ,  as  for  Example,  that 
Fi£*  2.  0p  jvi/i rsy  fuppofe  to  be  $  M,  whofe  Plane  is  in¬ 
clined  to  the  Ecliptick,  and  cuts  it  in  the  Line  of 
Nodes  n  N.  Let  Mars  be  in  S ,  and  the  Earth  in 
T,  fo  as  Mars  may  be  obferved  in  Oppofition  to 
the  Sun  ;  and  from  <J  let  fall  on  the  Plane  of  the 
Ecliptick  the  Perpendicular  <J  E  ;  this  Line  will 
fubtend  the  Angle  which  meafures  the  Geocentric 4 
Latitude.  And  therefore  when  the  Earth  is  in  T, 
the  vifible  Latitude  is  meafured  by  the  Angle 
j<J  T  E.  But  if  the  Earth  was  in  t ,  fo  that  Mars 
was  feen  in  Conjunction  with  the  Sun,  its  vifible 
Latitude  will  be  the  Arch  which  meafures  the 

Angle 
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Angle  <J  t  E,  which  is  much  lefs  than  the  Angle  Ledfure 
3  T  E,  and  is  nearly  lefs  in  the  fame  Proportion  XVI. 
as  the  Diftance  T  3  is  lefs  than  the  Diftance  t  3 . 

"When  the  Earth  is  in  T,  th etGeocentricl^  Latitude' 
of  Mars  is  greater  than  its  Heliocentricl Q  but 
when  it  is  in  t7  the  Heliocentric is  greater  than 
the  Geocentric 4  ■  and  according  to  the  various  Po- 
litions  of  Mars  and  the  Earth,  his  vifible  Latitude 
will  be-  changeable  ;  fo  that  all  other  things  be¬ 
ing  alike,  the  Latitude  is  greater,  the  nearer  he 
comes  to  the  Oppofition  of  the  Sun,  and  the  lefs,  as1 
he  approaches  to  a  Ccnjunclion  with  the  fame. 

I  T  is  alfo  evident,  that  none  of  the  fuperiour 
Planets  can  be  feen  from  the  Earth  in  the  Suns 
Disk,  as  the  inferiour  Mercury  and  Venus  are  ;  but 
yet  they  may  be  all  of  them'  covered  by  the  Sun, 
and  lie  hid  behind  him,  when  they  come  in 
Conjunction  with  him,  and  are  near  their  Nodes. 

SINCE  the  Faces  of  all  the  Planets  which  ^n^L1^urr, 
are  turned  towards  the  Sun,  fliirre  only  with  &  bare  always 
refledfed  and  borrowed  Light;  and  becaufe  the  a  round  full 
£arth  feen  from  Jupiter  or  Saturn,  is  always  to  Face% 
be  obferved  near  the  Suns  Body,  the  Faces  of  thele 
Planets,  which  are  turned  towards  the  Sun,  will 
alfo  be  towards  the  Earthy  whence  the  Inhabitants 
of  our  Globe  do  always  behold  thefe  Planets 
fhining  in  full  Orbs  or  Circles.  But  Mars  having 
an  Orbit,  which  lies  very  near  the  Earth,  its  Face 
which  is  towards  the  $u?j,  will  not  always  be  to¬ 
tally  turned  towards  the  Earth  ;  but  when  in  his  Mars  in  bis 
Quadrature, or  wLen  there  is  about  a  fourth  part  o {  Quadrature, 
the  Ecliptick  between  the  Sun  and  him,  as  fup-  piare  L  xiv, 
pofe  the  Earth  in  M  or  B,  and  Mars  in  N  or  R,  Fig.  1. 
then  feme  part  of  the  illuminated  Face  will  be 
turned  from  the  Earth,  and  therefore  Mars  will 
not  appear  in  a  compleat  Circle,  but  will  be  feen 
as  deficient  or  gibbofc  ;  but  when  he  comes  to  be 
in  Conjunction  or  Oppofition,  he  then  re-affumes  his 
round  Figure,  his  illuminated  Face  being  torally 
turned  towards  the  Earth  ;  and  particularly  when 
in  Oppofition  to  the  Sun ,  he  looks  brighteft  and 
bjggcft. 


FOR 
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jLecfture  FOR  all  the  fuperiour  Planets  appear  rhiicH 
XVI.  bigger  when  they  are  in  Oppofnion  to  the  Sun,  thati 
when  they  are  in  Conjunction,  being  much  nearer 
in  Oppo-  to  the  Earth  in  the  one  Pofition  than  in  the  other  ; 
fuperiou*  *nf°mucb  that  the  Difference  of  their  Diftanees  in 
Plane tT^re  thefe  two  Portions,  is  as  great  as  the  Diameter  of 
&*£&&.  that  Orb  in  which  the  Earth  goes  round  the  Sun ; 

which  Difference  bears  a  conliderable  Proportion 
to  the  Diftance  of  Mars  from  the  Sun,  and  greater 
than  it  does  to  the  Diftanees  of  the  other  Planets  ; 
and  therefore  will  produce  a  great  difference  in 
his  apparent  Magnitude:  For  Mars  is  five  times 
f  nearer  to  us  when  he  is  in  O'ppofition,  than  when 

he  is  in  Conjunction  with  the  Sun.  And  therefore 
fince  the  vilible  Disk  and  Luftre  of  a  Planet  in- 
Creafes  in  a  duplicate  Proportion  of  that  wherein 
the  Diftance  is  diminifhed.  Mars  will  appear  25 
times  bigger  and  brighter  when  he  is  in  Oppo  fit  ion, 
than  when  he  is  in  Conjunction  with  the  Sun. 

Tbe  appa-  BECAUSE  Jupiter  is  five  times  further  off 
rent  Diarne*  the  Sun  than  the  Earth  is,  the  apparent  Diameter 
Sun  %en£  0^*  ^  ^ u **  feeri  ^rom  Jupiter,  will  be  five  times 
from  Jupi-  lefs  than  it  is  feen  from  the  Earth,  and  will  be 
ter  and  Sa-  no  bigger  than  6  Minutes,  which  to  us  is  30  Mi¬ 
nutes.  And  the  Disk  of  the  Sun  will  appear  25 
times  lefs  to  the  Inhabitants  of  Jupiter,  than  it 
does  to  us,  who  will  likewife  receive  but  the 
25th  part  of  the  Light  and  Heat  from  him  that 
we  enjoy.  But  Saturn  being  10  times  further  from 
the  Sun  than  we,  the  apparent  Diameter  of  the 
Sun  feen  from  him,  will  be  no  bigger  than  3  Mi¬ 
nutes,  and  will  be  but  little  more  than  twice 
the  Diameter  of  Venus ,  when  fne  approaches  neareft 
to  the  Earth  :  And  therefore  the  Disk  of  the  Sun,  as 
Their  De-  would  appear  to  a  Saturnian  Aftronomer,*  will 
grees  of  be  1 00  times  lefs  than  we  lee  it  *  and  both  its 
^eat dmtb  ^ight  an&  Hedt  are  there  diminifhed  in  the  fame 
our*  Heat  Proportion;  and  therefore  the  w^armeft  Regions  in 
which  were-  Saturn,  even  under  his  iEquator,  are  much  colder 

<tbelv(rm  ^an  our  Zones. 
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ALL  the  fuperior  f Planets  obferved  From  the  Ledhire 
Sun,  will  appear  to  move  regularly  the  fame  way,  XVI. 
and  to  proceed  in  their  Orbits  according  to  the 
fame  Law,  which  is  the  equable  Defcription  or  Tbe  Moti - 
Sweeping  of  Elliptick  Arens  round  the  Sun  ;  by  p X^ctsfcen 
which  mearis  their  angular  Motions  round  th c  Sun  from  the 
will  appear  fomewhat  unequal  j  for  in  their  A-  Sun»  are 
fhelia  they  proceed  more  flowly  ;  in  coming  to  /^V?  TefU’ 
their  Perihelia  they  accelerate  their  Motions.  But 
thefe  Pla?iets  obferved  from  the  Earth ,  have  very 
different  Appcarai  ces,  and  irregular  Motions  in  t fetbey  arVob. 
Z^odiacl^;  fomerimes  they  feem  to  move  forward/™^  to  be 
from  Weft  to  EaJ ?,  according  to  their  real  Mo-^,m^M“ 
tions  ‘  then  they  by  degrees  flacken  their  Pace, 
till  at  laft  they  lofe  all  their  Motion,  and  feem  to 
ftand  ftill.  After  fome  finall  time  they  are  again 
fet  a  moving,  but  feem  to  take  a  contrary  courfe 
to  what  they  had  before,  and  go  backwards,  di¬ 
rectly  in  Oppofition  to  their  real  and  true  Mo¬ 
tions  :  And  thus  having  for  fome  way  gone  back- 
i  ward,  or  from  Eaft  to  Weft,  they  come  again  to 
I  be  immoveable  and  ftationary.  Thefe  great 
I  Changes  of  their  Courfes  and  Motions  are  not 
real  in  the  Planets ,  but  ar6  occafioned  by  the 
Motion  and  Pofition  of  the  Earth ,  from  whence 
the  Aftronomer  obferves  them. 

LET  PQO  be  a  Portion  of  the  %odiac\,  Plate XV, 

A  B  C  D  the  Orbit  of  the  Earth ,  EMGHZ 
the  Orbit  of  a  fuperiour  Planet  ;  for  Example,  of 
Saturn  :  and  fuppole  the  Earth  in  A,  and  Saturn  in 
E  ;  in  which  Pofition  he  will  appear  in  the  %o- 
diacl i  at  the  Point  O.  If  Saturn  remained  there 
without  any  Motion  of  his  own,  when  the  Earth 
comes  to  B,  he  would  be  feen  in  the  Point  of  the 
Zodiac^  L,  and  would  appear  to  have  deferibed 
the  Arch  of  the  %odiack  O  L,  and  to  have  moved 
according  to  the  Order  of  the  Signs,  from  Weft 
to  Eaft.  But  becaufe  in  the  mean  time,  while  the 
Earth  is  palling  from  A  to  B,  Saturn  does  likewife 
move  in  hisfown  Orbit  from  E  to  M,  where  he  is 
feen  in  ConjunHion  with  the  Sun,  he  will  appear 
to  have  deferibed  the  Arch  of  the  Zodiack,  OQJ 

N  which 
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which  is  greater  than  the  Arch  O  L :  whence  the* 
fuperiour  Planets ,  when  they  are  in  Conjunction 
with  the  Sun ,  appear  to  have  a  Motion  forward 
much  quicker  than  at  other  times,  and  that  for 
a  twofold  Caufe ;  which  is,  becaufe  they  really 
have  a  Motion  forward  from  Weft  to  Eaft,  and 
likewife  becaufe  the  Earth,  in  the  oppohte  part  of 
the  Heavens,  is  carried  the  fame  way  round  the 
fame  Center.  And  therefore  thefe  Planets,  when 
they  are  at  their  greateft  Diftance  from  us,  and 
in  Conjunction  with  the  Sun ,  appear  to  have  a 
quicker  Motion  than  ufual  to  the  Eaft,  according, 
to  the  Order  of  the  Signs :  In  which  Pofition  a 
Planet  is  faid  to  be  diredt,  or  to  have  a  diredt  Mo¬ 
tion.  When  the  Earth  comes  to  C,  while  Saturn 
deicribes  the  Arch  M  G,  he  will  then  be  obferved 
in  the  fydiacJ^  at  R.  But  the  Earth  being  ad¬ 
vanced  to  K,  and  Saturn  to  H,  fo  as  the  Line 
K  H  joining  the  'Earth  and  Saturn  continue  for 
fome  time  parallel  to  itfelf,  or  very  nearly  fo  ; 
then  our  jfftronomers  will  obferve  Saturn  all  that 
while  in  the  fame  Point  of  the  fydiacl^  at  P, 
and  with  the  fame  fixed  Stars,  he  then  ap¬ 
pearing  Stationary.  But  the  Earth  being  come  to 
D,  and  Saturn  coming  into  Oppofition  to  the  Sun 
in  X,  he  will  appear  in  the  %odiac!^  at  V,  and 
will  feem  to  have  gone  backwards  through  the 
Arch  P  V.  And  therefore  the  fuperiour  PUnetsr 
when  they  are  in  Oppofition  to  the  Sun,  are  always 
l^etrograde,  or  appear  to  have  a  backward  Mo¬ 
tion  from  Eaft  to  Weft,  which  is  contrary  ro  the 
0rder  of  the  .Signs  :  But  when  the  Earth  comes 
again  to  A,  and  Saturn  remaining  near  to  Z,  again 
that  Vianet  will  feem  there  to  occupy  his  Station, 
and  to  remain  without  Motion.  At  laft,  after  the 
Earth  has  left  that  Situation,  Saturn  will  appear 
to  begin  again  to  move  forward. 

What  we  have  here  hie  wed  concerning  Samtn, 
is  likewife  to  be  up  der  flood  of  Jupiter  and  Mars, 
who  are  likewife  obferved  to  have  all  thefe  Va- 
ff-ktipns  and  Changes  in  their  Motions,  as  fome- 
.  .»  ■  times 
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*imes  to  move  quickly  forwards,  then  to  (land  ftill,  Ledlure 
and  after  that  to  fall  backward  $  then  again  they  XVI. 
become  ftationary,  and  in  a  fhort  time  after  they  xjj 
go  forward  with  a  diredfc  Motion.  But  the  Re-  When  Re* 
greflions  or  backward  Motions  of  Saturn,  ar ttr0^rad^% 
more  frequent  than  thofe  of  Jupiter  ;  becaufe  the 
Earth  more  frequently  overtakes  Saturn ,  whofe 
Motion  is  flower  than  Jupiter’s ,  who  is  not  a  little 
quicker  in  his  Morion.  And  for  the  fame  Rea- 
fon  Jupiter’s  Regreffions  do  oftner  happen  than 
thofe  of  Mars  «  becaufe  Mars  moving  fafter,  de- 
fcribes  a  greater  Space  in  the  'Zodiac 4;  fo  that 
there  is  more  time  neceffary  for  him  to  come  in 
Opposition  to  the  Sun,  than  what  Jupiter  needs  for 
that  purpofe.  . 

Let  AC  be  a  Portion  of  the  Earth’s  Orbit,"  The  Paral- 
!  which  is  touched  by  the  Right  Line  AN,  in  which 
i  We  will  fuppofe  the  fuperiour  Planets  to  be  fefehi 
from  the  Earth,  viz.  Mars  in  $ ,  Jupiter  in  #,  and 
Saturn  in  1?  ;  and  [let  KLMN  be  a  Portion  of 
the  fydiacl^.  Then  the  place  of  Mars  feen  from  the 
Sun  is  K,  which  is  called  his  true  or  Heliocentrick 
Place.  But  an  Aftronomer  on  the  Earth  will  ob-* 
ferve  him  at  the  Point  N,  which  is  called  his  Ap¬ 
parent  or  Geocentrick  Place  ;  fo  likewife  Jupiter 
feen  from  the  Sun,  appears  in  L,  which  is  his  true  piate^ 
Place  ;  but  from  the  Earth  his  apparent  Place  is  Fig,1#. 

N.  After  the  fame  manner  the  true  Place  of  Sa¬ 
turn  feen  from  the  Sun ,  the  Center  of  his  Motion,' 
is  M ;  but  his  Place  in  the  % odiacl that  is  vi¬ 
able  from  the  Earth  is  N.  The  Arches  K  N, 

L  N,  M  N,  the  Differences  between  the  true  and 
apparent  Places  of  the  fuperiour  Planets,  are  cal¬ 
led  the  Parallaxes  of  the  annual  Orb  in  thefe  Pin- 
j  nets.  Through  the  Sun  S  draw  SO  parallel  to 
A  N,  and  by  the  29 th  of  the  1 ft  of  Euclid ,  the 
Angles  A  $  S,  A  U  S,  A  T?  S,  will  be  relpe&ively 
equal  to  the  Angles  KSO,  LSO  and  MSO. 

But  the  Angle  ANS  is  equal  to  the  Angle  N  S  Os 
whofe  Meafure  is  the  Arch  N  O,  which  will  there¬ 
fore  be  the  Meafure  of  the  Angle  ANS,  vvhi?h 
is  the  Angle  under  which  the  Semidiameter  A  S 

N  *  ef 
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Ledture  of  the  Earth's  Orbit  is  feen  from  the  Starry 
XVX  Heavens.  But  this  Semidiameter  is  nothing 
in  refped:  of  the  great  Diftance  of  the  Hea¬ 
vens  or  Stars  ;  for  from  thence  it  would  appear 
under  no  fenfible  Angle,  and  look  like  a  Poinr. 
And  therefore  in  the  Heavens  the  Angle  N  S  O,  or 
the  Arch  N  O  vanifiieth,  and  the  Points  N  and  O 
coincide;  and  the  Arches  KO,  LO,  MO,  are  of 
the  lame  bignefs  with  the  Arches  KN,  LN  and 
M  N,which*are  therefore  theMeafures  of the  Angles 
A  $  S,  A  %  S,  A  b  S,  But  thefe  Angles  are  as  the 
apparent  Semidiameters  of  the  Orbit  of  the  Earth 
feen  from  the  refpcdfive  Planets :  And  therefore  in 
each  of  the  fuperiour  Planets  the  Parallax  of  the 
Annual  Orbit  is  equal  to  the  Angle  under  whicfe 
the  Semidiameter  of  the  Earth’s  Orbit  is  feen 
from  that  Planet ;  and  the  nearer  any  of  them  is 
to  the  Earth  or  Sun,  fo  much  the  bigger  is  that 
Angie ;  And  therefore  this  Parallax  in  Mars  is 
greater  than  in  Jupiter  ;  and  again,  in  Jupiter 
greater  than  it  is  in  Saturn.  But  in  the  fixed  Stars 
there  can  be  no  Parallax  of  the  Annual  Orb  ob- 
ferved,  it  being  ft)  very  imall. 

rbeKetre-  IT  is  alfo  evident  from  hence,  that  the  Retro- 
grejftons  of  greftlons  of  Mars  are  greater  than  thofe  of  Jupiter i 
ter^lqm*'  though  they  do  not  happen  fo  often  ;  fo  likewife 
t hope  of  Ju-  Jupiter  has  his  Retrogreffions  greater  than  thole  of 
pite.r »  ?nd  Satprn,  and  that  upon  a  double  Account  :  Fir  ft; 
greater  than  bccaufe  Mars  is  nearer  to  the  Earth  than  Jupiter , 
Saturn’/,  aud  Jupiter  nearer  than  Saturn  ;  and  likewife  be- 
caufe  they  move  falter. 

HAVING  the  Parallax  of  the  Annual  Orb 
in  any  Planet ,  we  can  from  thence  eafily  find  his 
Diftance  from  the  Sun,  in  refpedb  of  the  EartJfs 
Diftance  from  him :  For  in  Mars ,  becaufe  the  An¬ 
gle  A  $  S  is  given,  being  meafured  by  the  Paral¬ 
lax  of  the  Annual  Orb,  and  the  Angle  $  A  S  is 
found  by  Oblervation,  being  the  vifible  Elongation 
of  Mars  from  the  Sun  :  If  we  make  the  Propor¬ 
tion,  As  the  -Sine  of  the  Annual  Parallax  is  to  the 
Sine  of  the  Elongation,  lo  let  SA  the  Diftance  of 
the  Earth  from  the  Sun  be  to  a  Fourth,  which  will 

be 
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he  <?  S,  the  Diftance  of  Mars  from  the  Sujt.  This  Ledlure 
Annual  Parallax,  by  which  the  Planets  feen?  fopie*  XVI. 
times  to  move  falter,  fome  times  flower,  it\  .the 
Heavens,  fometimes  to  go  Eaflvearjl  and  fotpj£~ 
times  PVeftwqrd,  produces  in  their  Motions  am  In¬ 
equality,  which,  by  the  Ajlrojiomers ,  is  called  their 
Second  or  Optical  Inequality,  to  diftinguifli  it  from 
their  firft  Inequality  which  the  Planets  really  have, 
by  which  they  move  in  their  Orbits  with  Motions 
that  are  not  always  the  fame.  In  the  Oppojitions 
or  Conjunctions  of  thefe  Planets  with  the  Sun p 
this  fepond  Inequality  or  Parallax  vanilhes ;  and 
their  Geocentric 4  Places  and  the  Heliocentric ^  co¬ 
incide  j  or  a  Spectator  in  the  Sun,  and  another  in 
the  Earth  would  obferve  the  Planet  in  the  fame 
Point  pf  the  Heavens. 

THE  Angles  A  &  S,  A  %  S,  A  ft  S,  are  nearly 
the  greateft:  Elongations  of  the  Earth  from  the  Sun'a 
if  (he  were  obferved  from  the  refpeeftive  Planets , 

\vhen  the  Line  N  <J  A  touches  the  Earth's  Orb  in  A« 

In  Mars  the  Angle  A  $  S  is  about  41  Degrees  5 
and  therefore  the  Earth  feen  from  Mars,  never  goes 
fo  far  from  the  Su?}  as  we  fee  Venus  does.  In 
Jupiter  the  greateft  Elongation  of  the  Earth  from 
the  Sun  will  he  obferved  to  -be  but  1 1  Degrees, 
and  therefore  is  not  fo  muph  as  half  the  Diftance 
we  obferve  Jtfercury  to  depart  from  tl]e  Sun.  In 
Saturn  the  Angle  A  fj  S,  or  the  greateft  Elonga¬ 
tion  of  the  Earth  from  the  Sun  that  can  be  feen 
from  that  Planet ,  19  but  6  Degrees,  and  not  mucji 
above  a  fourth  Part  of  the  greateft  Elongation  we 
obferve  in  Mercury.  And  ftnee  Mercury  is  but  fel- 
dom  feen  by  us,  a  light  of  the  Earth  from  Saturn 
may  be  a  rare  ana  unufual  Spedacle :  Perhaps  the 
Saturnian  Ajironomrs  have  not  yet  difcpvered,  that 
there  is  fuch  a  Body  as  our  Earth  in  the  Univerfe. 

E  A  C  H  of  the  two  outmoft  of  the  Planets  have  a  The  Atten* 
good  Company  of  Attendants  ;  for  Jupiter  keeps  no 
fewer  than  four  conftantly  £y  him,  and  Saturn  five  j upiter^ 
in  his  Retinue,  which  is  a  Sight  no  lefs  wonderrS4iyfa. 
ful  than  delightful.  Thefe  Satellits,  like  our  Moon , 
do  always  accompany  their  primary  Planets  in 
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JLecJdre  their  Circuits  round  the  Sun  $  and  in  the  mean  time 
XVI.  they  perform  their  proper  Circulations  about  their 
Primaries  5  and  therefore  they  will  have  the  fame 
Phafes  and  Figures  that  our  Moon  fhews  us :  When 
they  are  in  Oppofition  to  the  Sun ,  they  appear  to  Saturn 
and  Jupiter  bright  and  full ;  from  thence  receding* 
they  affume  a  gibbous  Shape  :  When  they  come 
to  a  Quadrantile  Afpedt,  they  look  like  Half- 
Moons  $  before  the  Conjunction  they  fhew  them* 
felves  in  horned  Figures ;  and  when  they  come  to 
be  joined  in  the  fame  Line  with  the  Sun ,  they  to¬ 
tally  difappear. 

THESE  Satellite,  feenfrom  the  Earthy  though 
they  go,  at  the  furtheft,  but  a  little  way  from 
their  Primaries,  yet  fometimes  they  approach  them 
nearer,  and  fometimes  remove  a  little  further  from 
1  plate xy.  them.  Let  ABT  be  the  Orbit  of  the  Earth ,  in 
3*  fiddle  of  which  the  Sun  reiides.  Let  EF  be 
a  Portion  of  the  Orb  of  Jupiter ,  in  which  let 
Jupiter  be  in  who  keeps  in  the  middle  of  the 
Orbits  o t  his  four  Attendants.  Thefe  Satellits  or 
Moons,  when  they  defcribe  the  inferiour  Parts  of 
their  Orbits  LMN,  feen  from  the  Earth  or 
Sun ,  will  appear  to  have  a  Motion  fVeftward  ;  but 
while  they  are  moving  through  the  fuperiour  Por¬ 
tions  G  H  K,  we  obferve  them  to  move  Eajlvtard, 
according  to  their  true  Motions.  Now  when  their 
vifible  Motion  is  Eaftward,  they  are  twice  hid 
from  us  ;  once  in  O  behind  the  Body  of  Jupiter , 
that  is,  in  the  Right  Line  which  joins  the  Centers 
ef  the  Earth  and  Jupiter  *  and  again  they  vanilh  and 
become  invihble  when  they  fall  into  the  Shadow 
of  Jupiter ,  or  are  in  the  Right  Line  which  joins 
the  Centers  of  the  Sun  and  Jupiter,  and  then  they 
fuffer  EcJipfes,  which  is  always  when,  they  are  af 
their  Full,  as  feen  from  Jupiter :  thefe  Eclipfes  hap¬ 
pening  in  the  fame  manner  as  they  do  to  our 
Moon,  by  the  Interpolition  of  the  Earth  between 
the  Sun  and  it. 

W  H  E  N  Jupiter  is  to  the  Eaft  of  the  Sun,  and 
is  feen  in  the  Evening  after  Sun-fetting,  that  is, 
Syhen  the  Earth  is  in  A,  they  are  firft  hid  behind 
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Jupiter,  becaufe  of  their  viable  Conjunction  with  Ledfure 
Jupiter ,  before  they  fall  into  his  Shadow  and  XVI. 
their  fecond  difappearing  is  in  the  Eclipfe,  upon 
their  entring  the  Shadow.  But  when  Jupiter  is 
more  IVejlerly  than  the  Sun ,  as  he  appears  after 
Conjunction ,  when  he  is  only  feen  in  the  Morning ? 
that  is,  when  the  Earth  is  about  B,  then  they  fall 
into  Jupiter  s  Shadow  at  V  and  are  eclipfed,  be¬ 
fore  they  are  hid  behind  his  Body  in  P.  But  when 
thele  Moons  have  a  Retrograde  Motion,  that  is, 
when  they  are  feen  to  go  PVeJlxvard,  and  defcribe 
the  inferiour  Parts  of  their  Orbits,  then  they  only 
once  difappear  in  Q,  when  they  cannot  be  diftin- 
guifhed  from  the  Body  of  Jupiter':  But  when  the 
Satellits ,  feen  from  the  Sun ,  are  in  their  inferiour 
Conjunction  with  Jupiter  •  or  as  feen  from  Jupiter , 
they  are  in  Conjunction  with  the  Sun ,  their  Sha¬ 
dows  will  fall  upon  Jupiter ;  and  fome  part  of 
the  Disk  of  Jupiter  will  be  in  an  Eclipfe  ;  and  a 
Spectator  within  the  Shadow  would  obferve  a  total 
Eclipfe  of  the  Sun.  We  have  already  given  the 
Diftances  and  Periods  of  all  the  Jovial  and  Sa¬ 
turnian  Moons,  at  the  End  of  our  third  Ledfure. 

BY  the  Motions  and  Eclipfos  of  thefe  Moons ,  The  Paral- 
the  Parallax  of  the  Annual  Orb  in  Jupiter ,  and 
his  Diftance  from  the  Sun  may  be  eafily  known.  orb,andtbe 
For,  let  POR  be  the  Orbit  of  any  Satellit  •  D>flance of 
for  Example,  the  outermoff  ,  and  fuppofe  the  Earth 
in  the  Point  of  its  Orbit  A,  the  time  muff  be  ob-sun  deter- 
ferved  when  the  Satellit  lies  hid  behind  Jupiter  smjnc^h^. 
Body  in  O  :  For  which  purpofe  the  Moment  of  '  '  ‘ 
Time  muff  be  carefully  mark’d  when  he  iirft  dis¬ 
appears,  and  then  alfo  the  Moment  he  becomes 
again  vifible  ;  the  middle  Moment  between  thefe 
two,  is  the  time  when  the  Satellit  is  in  O,  or  in 
the  Line  which  paffes  through  the  Centers  of  the 
Earth  and  Jupiter.  Afrer  the  fame  manner  obferve 
when  the  Satellit  is  in  the  middle  of  an  Eclipfe, 
or  in  the  middle  of  Jupiter  $  Shadow,  that  is, 
when  it  is  in  V  ;  by  this  means  we  fhall  have  the 
time  it  takes  to  delcribe  the  Arch  OV.  And  be¬ 
caufe  his  Motion  about  Jupiter  is  equable,  and  his 
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Ledhie  Periodical  Time  knowp,  we  can  from  thence  fin.$ 
XVI.  out  the  Arch  O  V  ;  fop  this  Planet  revolves  about 
Jupiter  in  401  Hours.  Let  us  fuppofe  the  time  he 
takes  to  move  from  O  to  V  be  1 2  Hours  ;  fay, 
As  40Z  Hoprs  is  to  12  Hours,  fo  are  360  Degrees 
to  a  fourth  Quantity,  which  will  be  found  to  be 
jo  Degree.?  44  Minutes.  And  therefore  the  Arch 
OV  is  10  Degrees  44  Minutes.  But  this  Arch 
OV  is  the  Meafure  of  the  Angle  O  #  V,  or  of 
the  which  is  equal  to  it  A  #  S  ;  and  the 

Arch  which  meafures  this  Angle  is  the  Parallax  of 
the  Annual  Orb,  which  therefore  is  known.  In 
the  Triangle  therefore  A^S  we  have  the  Angle 
at  #,  and  alfo  the  Angle  at  A  the  Elongation 
of  Jupiter  from  the  Sun ,  which  may  be  had  either 
by  a  Calculation  from  Agronomical  Tables,  or 
by  Obfervation.  Bdides,  we  have  the  Side  A  S, 
the  Diftance  of  the  Earth  from  the  Sun ,  which 
we  affume  to  confift  of  1 00000  Parts.  Since 
therefore  in  this  Triangle  we  have  all  the  Angles 
and  one  Side,  by  Trigonometry  we  (hall  find  the 
other  Sides,  and  particularly  S  #  the  Diftance 
of  Jupiter  from  the  Sun  -y  fo  like  wife  we  may  find 
A  #  the  Diftance  of  Jupiter  from  the  Earth, 
which  is  always  variable.  But  for  the  nice  De¬ 
terminations  of  thefe  Diftances,  it  may  be  needful 
to  have  feveral,  and  thole  very  accurate  Obfer- 
vations,  made  by  the  Skilful,  and  taken  by  the 
help  of  the  beft  Telefcopes. 

Whether  BY  the  Eclipfes  of  Jupiter  s  Moons  we  are  able 
j.igbt  he  to  give  a  Solution  of  a  Problem,  which  is  the 
tZTl  noble  and  curious  in  Natural  Philolophy, 

pi  ant  y  or  in  which  cannot  but  raife  our  Wonder  and  Amaze- 
jms  ?  ment ;  that  is,  Whether  Light  be  propagated  to  us 
in  an  Inftant  y  or  if  its  Motion  be  fucceftive,  and 
if  it  rakes  feme  Time  to  arrive  from  the  Sun,  or 
any  diftant  Objecft  to  us  ?  Now  thefe  Eclipfes 
do  fhew  us,  that  there  is  no  inftantaneous  Mo¬ 
tion  in  Light,  though  it  comes  from  the  Heavens 
to  us  with  a  prodigious  quick  Motion,  and  in~ 

credible  Celerity.  v 
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FOR  if  the  Motion  of  Light  were  in  an  Tn-  Lecture 
ft  ant,  when  the  Earth  is  at  T,  at  his  greateft  Di-  XVL 
ft  a  nee  from  Juft  ter ,  an  Jljlronomer  here  would 
obferve  an  pelipfe  of  a  -SatelUt  at  the  fame  Mo¬ 
ment  of  time  he  would  do,  were  the  Earth  at  X  Tkisgu*. 
at  her  neareft  Diftance  to  Jupiter  :  For,  according 
to  this  HjpotheJIs,  Light  is  propagated  in  the  fam eobfervatim 
Inftaqt  through  all  Spaces  indefinitely,  whether  oftbeEdip* 
near,  or  never  fomuch  remote.  But  if  Light  takes 
up  any  time  for  its  Propagation  through  Space,  it  Moans, 
will  fooner  pafs  through  a  fhorter  Space  than  a 
greater.  And  therefore  an  Obfervator  at  X  be¬ 
ing  nearer  to  Jupiter  than  one  at  T*  by  the  Di- 
ftance  X  T,  which  is  almoft  equal  to  the  Dia¬ 
meter  of  the  Earth's  Orbit,  will  fooner  obferve 
the  Eclipfe  of  a  SatelUt  than  a  Spectator  can  do  at 
T.  And  therefore  from  the  Difference  of  thofe 
Times,  which  is  proportional  to  X  T  the  Diffe¬ 
rence  of  Distances,  we  can  colled:  the  Velocity  of 
Light  3  and  fo  this  Matter  is  in  Reality.  For 
whenever  the  Earth  is  at  its  neareft  Diftance  from 
Jupiter,  the  Eclipfesare-  found  to  happen  fooner  than 
they  do  wrhen  they  are  obferved  from  T  at  a 
greater  Diftance,  where  they  fall  out  fenfibiy  la¬ 
ter  than  they  ought  to  be,  according  to  our 
Aftronomical  Computations.  Thefe  quicker  and 
flower  Returns  of  Eclipfes  having  been  obferved  for 
many  Years  by  Mr.  Corner  with  much  Care  and 
Diligence,  upon  them  he  founded  his  Argu¬ 
ment  for  demonftrating  the  fuccefllve  Propagation 
of  Light ;  and  by  them  he  proved,  That  Light, 
like  all  other  Bodies  in  Motion,  had  a.  determined 
Degree  of  Velocity,  and  took  a  determined  Time 
to  move  through  a  given  Space.  To  which  Opi¬ 
nion  the  moft  Part  of  the  Aflronomers  and  Philofo- 
phers  do  now  give  their  Affent. 

THE  Particles  therefore  of  Light,  though  their 
Minutenefs  be  indefinite  and  not  ealily  to  be  ima¬ 
gined,  yet  they  have  a  progreftive  Redilinear  Mo¬ 
tion,  and  are  not  diffufed  as  by  the  Waves  of  any 
Medium  or  Fluid.  J\omer  determines  the  Velocity 
of  Light  to  be  fuch,  that  it  reaches  us  here  from  the 
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Sun  in  the  Space  of  1 1  Minutes :  But  that  Diftande 
does  not  Teem  to  ^be  lefs  than  50000000  Miles 5 
which  Space  Light  paffes  thro  in  fo  fmall  a  time, 
that  fo  prodigious  a  Velocity  cannot  eafily  be  con¬ 
ceived  by  us,  which  fo  much  exceeds  the  Velo¬ 
city  of  the  fwifteffc  Bodies  we  know.  For  though 
the  Earth  has  a  very  quick  Motion  round  the  Sun , 
yet  its  Velocity,  compared  with  the  Velocity  of 
Light,  is  np  more  than  that  of  a  Snail,  in  Com-, 
parifon  of  the  Swifcnefs  of  the  Earth. 

'  FROM  the  Eclipfes  of  Jupiter's  Moons ,  we 
have  lik^wife  this  Advantage,  that  when  they  are 
obferved'  in  different  Plates  of  the  Earth ,  the 
Longitude  of  Places  are  by  fiich  Obfervations  de¬ 
termined  .*  But  that  this  Method7  of  Ending  the 
Longitude  may  be  more  eafily  underftood,  we 
muft  firffc  lay  down  fome  few  Principles. 

IF  through  "the  Poles  of  the  Earth  and  any 
Place,  there  be  drawn  a  great  Circle  upon  its  Sur¬ 
face,  this  Circle,  by  the  Rotation  of  the  Earth. ? 
will  be  turned  round  the  Earth's  Axis  :  And  when 
the  Plane  of  this  Circle  produced  paffes  thro’ the  Bo¬ 
dy  of  the  Sun,  all  the  Inhabitants  which  live  under 
this  Circle,  will  then  obferve  die  Sun  to  come 
into  their  Meridian,  and  they  will  have  Mid-day  ^ 
from  whence  this  Circle  has  the  Name  of  a  Me¬ 
ridian,  from  the  Latin  Word  Meridies,  which  fig- 
nines  Mid-day.  Now  if  we  imagine  another  Me¬ 
ridian  placed  more  PVeJlvoardiy ,  which  with  the 
former  makes  an  Angle  of  1 5  Degrees,  the  Plane 
of  this  Meridian  will  pafs  through  the  Sun  one 
Hour  later  than  the  former  did ;  and  therefore 
when  the  Inhabitants  under  this  Meridian  reckon 
Mid-day,  the  Inhabitants  under  the  firffc  will  rec¬ 
kon  one  Hour  after  Mid-day.  If  there  be  a  Me¬ 
ridian  which  makes  an  Angle  of  30  Degrees  with 
tht  firffc  we  mentioned  ;  then  when  they  that  live 
under  this  Meridian  have  Mid-day,  thofe;  that 
live  under  the  firffc  will  reckon  two  of  the  Clock 
after  Mid-day and  fo  for  every  1 5  Degrees  of 
the  Equator  which  lies  between  the  two  Me- 
ndians3  fo  many  Hours  more  do  they  reckon, 

■  v :  ,!  f  ;  *  1  T  ‘  •  who 
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who  live  under  fcfie  more  Eaftern  Meridian,  than  Le&ure 
they  who  live  under  the  Weftern.  And  after  the  XVL 
fame  manner  for  every  Degree  of  the  Equator  y ry>^ 
between  Meridians,  the  Eaftern  People  are  four 
Minutes  fooner  in  their  Reckoning  than  the 
Weftern  ;  and  for  every  15  Minutes  of  a  Degree, 
they  reckon  one  Minute  in  Time.  As  for  Example, 

If  the  Arch  of  the  Equator  between  the  two  Me* 
fidians  confifts  of  85  Degrees,  dividing  85  by  15,' 
the  Quotient  5*-  (hews,  that  under  the  more  Eafter - 
ly  Meridian  they  reckon  the  fifth  Hour  and  40 
Minutes,  when  they  under  the  Weftern  Meridian 
have  Mid-day.  And  when  the  Eaftern  Peopkhave 
Mid-day,  thofe  to  the  EVcft  will  reckon  their 
Time  to  be  the  fixth  Hour  and  2,0  Minutes  in  the 
Morning;  and  the  Difference  between  the  Hours 
which  are  reckon’d  under  thefe  two  Meridians, 
will  always  be  5*-,  if  the  Arch  of  the  ^Equator  in¬ 
tercepted  between  them  be  85  Degrees. 

O  N  the  contrary,  having  the  Difference  of  the 
Hours  which  are  reckon’d  under  two  different 
Meridians  for  the  fame  Moment  of  Time,  we  fhall 
by  this  Difference  find  the  Arch  of  the  Equator 
intercepted  between  them  ;  which  Arch  is  called 
the  Difference  cf  Longitude  of  the  Places  under 
thofe  Meridians,  when  the  Longitudes  are  com¬ 
puted  from  one  fixed  and  fettled  Meridian,  which 
is  called  the  firft  Meridian  :  And  this  Arch  is 
found  by  multiplying  the  Difference  of  the  Hours 
by  15,  and  the  Produd  fliews  the  Degrees.  So 
likewife  if  the  Minutes  of  Time  be  multiplied 
by  15,  and  the  Produd,  if  it  exceed  6 o,  be  di¬ 
vided  by  6 o,  the  Quotient  and  Refidue  will  give 
the  Degrees  and  Minutes  that  are  further  to  be 
added  to  the  former,  and  which  make  up  the 
Difference  of  Longitude  of  the  Places.  For  Ex¬ 
ample,  Suppofe  the  Difference  of  the  Hours  to  be 
7  and  22  Minutes;  7  multiplied  by  15  is  105, 
and  22  by  15  is  33°  Minutes;  which  divided  by 
€0,  gives  5  Degrees  30  Minutes  :  And  therefore 
the  whole  Difference  of  Longitude  is  iic  Degrees 
30  Minutes/  Thefe  things  being  noted, 
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Ix&ure  IF  in  two  different  Places  the  Beginning  of  an 
XVI.  Eclipfe  of  any  of  Jupiter  s  Moons  be  obferved, 
JLOTSJ  and  the  Times  marked  when  this  Beginning  hap¬ 
pened  ^  according  to  the  Times  of  the  refpedfive 
Places,  the  Difference  of  Hours  converted  into 
Degrees  and  Minutes  of  the  Equator,  will  Blew 
the  Difference  of  Longitude  of  thofe  Places. 

I  F  \ve  had  fiphemerides  of  the  Motions  and 
Eclipfes  of  Jupiter  s  Moons ,  accurately  computed 
for  any  Meridian  ;  inftead  of  an  Obfervation  in 
another  Place,  we  might  confult  the  Ephemerides , 
which  tell  when  the  Eclipfe  is  to  be  obferved  in 
that  Place  ^  and  we  might  take  from  them  the 
Hours  and  Minutes  when  the  Eclipfe  happens  in 
that  Places  and  fids  trnye  compared  with  the 
iTime  the  Eclipfe  is  obferved  in  any  other  Place, 
will  give  the  Difference  pf  Times  in  thofe  twp 
Places  :  And  from  thence  we  can  find  out  the  Dif¬ 
ference  of  their  Longitudes,  as  before.  The  Lon¬ 
gitude  of  Places*  may  likewife  be  found  by  ObfetT 
vations  of  Eclipfes  of  the  Moon,  or  the  Appulfes.  of 
the  Moon  to  the  fixed  Stars ,  obferved  from  feveral 
Places :  But  thefe  are  Appearances  that  are  more 
feldom  to  be  obferved  than  are  the  Eclipfes  of  the 
Sate  Hits  of  Jupiter, 

land  H  P  O  N  Land  and  firm  Ground  the  Eclipfes 
the  Eclipfes  are  eafily  obferved  ;  and  if  they  could  be  as  eafily 
are  eafily  obferved  at  Sea,  the  Art  pf  Navigation  would  be 
^d^tbe  brought  almoft  to  perfection,  and  liable  to  np  Er~ 
longitudes  rors  in  Computation  ;  but  at  Sea  the  Motion  and 
found,  but  toflings  of  the  Ship  renders  all  Obfervations  of 
a  ea°  fuch  Eclipfes  impracticable.  And  therefore,  if  any 
could  find  a  Method  fop  determining  the  Longi¬ 
tude  of  a  Ship  at  Sea  at  any  time,  he  would  then 
oblige  the  Seamen  with  a  Difcovery,  by  them 
more  defired  than  any  thing  elfe  in  Navigation  $ 
and  which  would  be  fo  ufeful  to  the  Publick, 
that  the  Parliament  hath  thought  fit  to  allow  a 
large  Reward  of  20000  Pounds  to  the  Diicoveren 
Upon  which,  many,  tempted  by  fo  great  a  Re¬ 
ward,  have  fpent  much  Labour  and  Thought, 
for  to  make  the  Difcovery,  but  to  no  purpofe  1  fpr 
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ho  Man  ha§  hitherto  been  able  to  lay  hold  on  the  Lefture 
Reward,  though  they  have  propofed  many  dif-  XVIL 
ferent  Methods  and  Ways  of  attaining  it.  Many 
being  much  in  Love  with  their  own  Inventions, 
imagining  that  they  had  certainly  found  it,  have 
demanded  the  Reward  promifed  to  the  Difcoverer  ; 
but  yet  molt  of  thefe  Men  have  been  fo  igno¬ 
rant  that  they  havefcarce  known  what  it  is  to  find 
the  Longitude. 


LECTURE  XVII. 
Of  C  0  M  E  T  S. 


jjj  E  S  I  D  E  S  the  ordinary  Planets,  Comets  ait, 
which  are  always  in  our  Neighs *Jm  ^ 
bourhood,  and  within  our  View,  itne£S‘ 
there  are  another  fort  of  Planets 
which  may  be  called  Temporary ; 
which  are  confpicuous  only  for  a 
Seafon,  after  which  they  again  withdraw,  and  are 
no  longer  vifible.  The  ancient  Philofophers  al¬ 
lowed  them  a  Place  in  the  heavenly  Regions,  and 
ranked  them  in  Stations  far  above  the  Moon. .  For 
Ariftotle ,  Seneca,  Plutarch  and  others  teftifie.  That  the  Fbilo- 
the  Pythagoreans ,  and  the  whole  Italian  Sedf  main-  „foner0f 
tained,  that  a  Comet  was  a  kind  of  Planet  or  mets, 
wandering  Star,  which  appeared  again  after  a  long 
Interval  of  time.  Hippocratis  Chius  was  of  the 
fame  Opinion,  as  Ariftotle  informs  us  ;  The  fame 
was  the  Opinion  of  Democritus,  as  we  are  told 
by  Seneca  in  his  Natural  Queftions ,  Bool^V II.  Chap. 

3.  For,  fays  he,  “  Democritus  the  mod  curious 
and  fubtile  of  all  the  Ancients,  fufpedted,  that 
there  we~e  many  more  Stars  which  moved,  un¬ 
derhand  ng  by  them  the  Comets  ;  but  he  neither 
eftabiifhed  their  Number  or  their  Names,  the 
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Lecfture  “  Courfes  of  the  five  Planets  not  having  as  yet 
“  been  difcovered.  Again,  Seneca  affures  us,  That 
Apollonius  Myndius ,  one  of  the  moft  skilful  Philo° 
fophers  in  the  Search  of  Natural  Caufes,  did  alfert, 
•That  the  Chaldeans  reckon’d  Comets  among  the 
Other  wandring  Stars ,  and  that  they  knew  their 
Courfes.  Apollonius  himfelf  maintained,  That  a 
Comet  was  a  Star  of  its  own  kind,  as  the  Sun 
and  Moon  are,  but  that  ,  its  Courfe  was  not  yet 
known :  That  by  its  Motion  it  mounts  very  high  in 
the  Heavens,  and  only  appears  when  it  defcends 
into  the  lower  Part  of  its  Orb,  And  Seneca  him¬ 
felf  imbraces  this  Opinion  :  4 1  cannot  believe, 

*  fays  he,  that  a  Comet  is  a  Fire  fuddenly  kindled,* 

*  but  that  it  ought  to  be  ranked  among  the  Eter- 
4  nal  Works  of  Nature.  A  Comet  has  its  proper 

*  Place,  and  is  not  Quickly  to  be  moved  from 

*  thence;  it  goes  its  Courfe,  and  is  not  extin guiih- 
4  ed,  but  runs  off  from  us.  But  you  will  fay,  if 
4  it  were  a  wandering  Star  k  would  keep  in  the  Zo- 

*  diack  :  But  who  can  let  one  Boundary  to  all  the 

*  Stars  ?  Who  can  feftrain  the  Works  of  the  Divi- 
4  nity  to  a  narrow  Compafs  ?  For  each  of  thofe  Bo- 
4  dies  which  you  imagine  to  be  the  only  that  have 
4  Motion,  have  Very  different  Circles;  why  there- 
4  fore  may  there  not  be  fome  that  have  peculiar 
4  Ways  of  their  own,  wherein  they  recede  far  from 
s  the  reft  ?  But  that  their  Courfes  may  be  known, 

4  it  is  neceffary  to  have  a  Collection  of  all  the  an- 
4  tient  Obfervations  about  Comets ;  for  their  Ap- 
4  pearances  are  fo  rare,  that  their  Orbits  are  not  yet 
4  determined  ;  nor  can  we  as  yet  find  if  they  have 
4  their  Periods,  and  if  they  return  again  in  a  cer- 
4  tain  Order.’*  At  laft  he  thus  prophecies.  *  The 
4  time  will  come  wherein  thefe  things  which  are 
4  now  hid  from  us,  will  be  difcovered  ;  which 
4  Obfervation,  and  the  Diligence  of  after-Ages  will 
4  find  out  ;  for  it  is  not  one  Age  that  is  fufficient 
4  for  fo  great  matters.  The  time  will  be  when  Po- 
4  fterity  will  wonder  that  we  were  ignorant  of  things 
4  fo  plain  :  One  will  arife  who  will  demonfirate  in 
4  what  Regions  of  Space  the  Comets  wander,  why 
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e  they  recede  fo  far  from  the  other  Planets,  how  Ledture 
‘  great,  and  what  fort  of  Bodies  they  are.  XVII. 

BUT  for  all  this,  the  whole  Sedt  of  Peripate- 
tickj,  fearing  that  Generations  and  Corruptions  rhe  Pert*, 
fhould  be  introduced  into  the  Heavens  by  placing  fopplfed 
the  Comets  in  them,  thruft  all  the  Comets  down  comets  to 
into  the  Sublunary  Regions,  and  would  maintain,  ^  Meteors 
that  they  were  nothing  but  a  kind  of  Meteors.  But  f ntheAiu 
the  Phenomena,  or  the  Manner  thefe  Comets  ap¬ 
pear  in,  will  not  buffer  them  to  have  a  Place  fo 
low,  and  fo  near  to  us.  For  it  is  clear,  that  they  are 
not  generated  in  our  Atmofphere,  becaufe  they, 
are  certainly  far  higher  than  it  reaches  :  For  Co- 
mets  are  to  be  feen  at  the  fame  time  from  diffe¬ 
rent  Places  of  the  Earth ,  which  are  at  great  Di¬ 
fiances  from  one  another,  which  cannot  happen  to 
any  Body  that  relides  within  our  Atmofphere, 
which  is  not  extended  upwards'  above  Fifty 
Miles. 


BUT  that  Comets  are  not  only  above  the  Air^  comets  are 
but  alfo  beyond  the  Moon  is  plain  ;  becaufe  Co-  higher  than 
mets  feen  from  different  Places,  are  obferved  to  be  tks  MooR~ 
at  the  lame  Diftance  from  a  fixed  Star  which  is 
near  them.  As  for  Example,  the  Comet  which 
'Tycho  Brahe  obferved  at  Vrdniburg ,  was  likewife 
feen  by  Hagecius  at  Prague  in  Bohemia  at  the  fame 
time  *  which  two  Places  differ  6  Degrees  in  Lati¬ 
tude,  and  are  nearly  under  the  fame  Meridian  ; 
and  both  meafured  the  Diftance  of  this  Comet: 
from  the  Star  we  call  the  Vultur  •  that  is,  how 
much  it  was  below  it  towards  the  Horizon  ;  for 
both  the  Vultur  and  it  were  in  the  fame  Vertical 
Circle,  and  both  Obfervators  found  their  Diftance 
the  lame,  and  confequcntly  they  both  viewed  the 
Comet  in  the  fame  Point  of  the  Heavens  ;  which 
could  not  be,  unlefs  it  had  been  higher  than  the 
'Moon. 

LET  the  Circle  A  B  G  reprefent  the  Earth,  p]ate  xvr. 
in  which  let  Draniburg  be  in  A,  and  Prague  at  Fig.-i. 

B  :  let  D  be  the  Place  of  the  Comer  :  let  F  C  E  A  Demon- 
be  the  Firmament  of  the  fixed  Stars,  in  which  1  ^ Comets 
the  Star  F  be  the  Vultur :  the  Place  of  the  Comet  higher  tha* 
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Le&ure  (eeri  froin  Vraniburg  among  the  Stars  is  E,  ant! 

XVII.  its  Diftance  from  th e  Vultur  is  the  Arch  FE  ^ 
but  the  Cdmet  feeii  from  Prague,  appears  in  C  ; 
and  its  Diftance  from  the  Vultur  is  the  Arch  FC, 
which  is  lefs  than  the  Arch  F  E.  Bur  by  Obfer- 
vation  it  has  been  found,  that  this  Comet  feen 
from  both  thefe  Places^  feemed  to  be  at  the  fame 
Diftance  from  the  Vulttir  ;  and  therefore  the  Ar¬ 
ches  FE  and  FC  are  equal,  or  rather  the  fame. 
So  great  therefore  is  the  Diftance  of  the  Comet 
from  the  Earth,  that  the  Arch  CEvanifheth,  and 
is  altogether  imperceptible  :  But  the  Moon  fecti 
from  thefe  two  Places  would  appear  to  have  dif¬ 
ferent  Diftances  from  the  Vultur ;  and  fo  therefore 
would  a  Comet,  were  it  as  near  as  (lie  is:  This 
Comet  therefore  was  further  diftant  off  than  the 
Moon, 

The  true  A  Comet  feen  from  the  Center  of  the  Earth , 
and.  the  at-  would  appear  in  G  ;  but  from  the  Surface  of  the 
fifacJmetf  &arth  at  A  it  is  obferved  in  E  ;  The  firft  is  called 
the  Comet’s  true  Place ,  and  the  fecond ,  its  appa¬ 
rent  Place  ;  and  the  Diftance  G  E  between  the 
true  and  apparent  Place,  is  called  the  Parallax  of 
the  Comet :  by  it  a  Comet  is  always  depreffed 
more  towards  the  Horizon,  than  it  is  in  its  true 

itePafal-  Place.  Now  the  Parallax  of  arty  Star  is  always 
lax.  equal  to  the  Arch  which  meafures  the  Angle,  that 
the  Earth’s  Semidiameter,  pafling  through  the  place 
of  the  Obfervator,  is  feen  under  from  the  Comet  ; 
as  we  (hewed  before  When  we  treated  of  the  Paral¬ 
lax  of  the  Moon. 

NOW  if  there  be  no  fenfible  Parallax ,  the 
Angle  under  which  the  Semidiameter  of  the  Earth 
is  feen  from  a  Comet,  will  not  be  fenfible  ;  and 
therefore  the  Comets  muft  needs  be  at  a  vaft  Di¬ 
ftance  from  us,  fince  the  Earth  feen  from  thence 
appears  no  bigger  than  a  Poinr. 

B  Y  the  help  only  of  a  Thread,  in  matter  of 
fo  great  Nicety,  we  may  find  out  if  a  Comet  have 


A  Way  to 
find  if  a 


fenftbLe^ti  an^  ^*en^^e  Parallax :  For  a  Comer,  juft  before  it 
rTlUx!  d  difappears,  goes  fo  (lowly,  that  it  fcarce  ieems  to 
move  j  and  it  may  be  twice  obferved  in  this  man¬ 
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ner:  Firft,  when  in  is  very  high  above  the  Hon-  Ledtur^ 
%on,  take  any  two  Stars  between  which  the  Co-  XVIL 
met  lies  in  a  Right  Line  parallel  to  the  Horizon, 
which,  by  extending  the  Thread  diredtly  before 
the  Stars,  may  be  ealily  tryed  :  afterwards  when 
the  Comet  approaches  near  to  the  Horizon,  by 
extending  the  Thread  we  muft  again  try,  if  it 
ftill  keeps  in  a  Right  Line  between  the  fame  two 
fixed  Stars.  Now  if  there  be  any  fenlible  Paral¬ 
lax  which  depreffes  the  Comet,  it  cannot  be  feen 
in  the  fame  Right  Line  as  before  *  and  therefore 
if  it  keeps  the  fame  Pofition  as  to  thofe  Stars ,  it 
is  a  convincing  Argument  that  the  Comet  has  no 
fenlible  Parallax ,  and  muft  therefore  be  at  a  pro» 
digious  Diftance  from  us.  We  need  not  here  fear 
any  Error  ariling  from  Refradtion,  which  always 
raifes  the  Stars ,  and  makes  them  appear  more 
elevated  above  the  Horizon  than  they  are  ;  for 
this  Refradtion  equally  affedts  both  Comet  and  Stars , 
and  therefore  it  will  not  change  their  Politions 

in  refpedt  of  one  another.  Another 

A  Comet  may  likewife  be  obferved  when  it  is  Method  for 
near  the  Eaftern  Part  of  the  Horizon,  and  in  a  fame% 
Right  Line  with  two  Stars  that  are  both  in  the 
fame  Circle  which  is  perpendicular  to  the  Hori¬ 
zon  :  And  afterwards,  when  the  Stars  rife  higher, 
and  are  not  in  the  fame  Vertical  Circle  as 
before,  if  it  appear  ftill  to  be  in  the  fame  Line 
with  them,  it  can  have  no  fenlible  Parallax  ;  and 
therefore  its  Courfe  muft  be  very  high  in  the  Hea¬ 
vens.  But  if  it  Ihould  be  found  more  depreffed  than 
to  appear  in  the  Right  Line  that  join?  the  Stars , 
then  the  Comet  muft  needs  have  a  Parallax.  If 
while  thefe  Obfervations  are  making,  the  Comet 
Ihould  have  a  proper  Motion  of  its  own,  there 
muft  be  made  an  Allowance  for  that  Motion,  ac¬ 
cording  to  the  time  between  the  two  Obfer¬ 
vations. 

A  S  the  want  of  a  Diurnal  Parallax  was  an 
Argument  for  placing  Comets  above  the  Moon,  fo  the  Parallax 
their  being  fubjedt  to  the  Parallax  of  the  Annual  of 
Orb  is  a  convincing  Proof  of  their  descending al  0r  4 

O  into 
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Ledlure  into  the  Planetary  Regions ;  for  Comets  which 
XVII.  have  a  Motion  forward,  according  to  the  Order 
of  the  Signs,  near  the  time  of  their  difappearing, 
are  all  of  them  either  flower  than  ufual,  or  even 
Retrograde,  if  the  Earth  be  between  the  Sun and 
them  j  or  they  are  quicker  than  ordinary  in  their 
Motions  when  the  Sun  is  between  the  Earth  and 
them ;  and  they  appear  in  Conjunction  with  the 
When  a  $  as  t}je  pianets  are  obferved  to  do.  On  the 
Retrograde,  contrary,  thole  Comets  which  have  their  proper 
Motions  Retrograde,  or  contrary  to  the  Order  of 
the  Signs,  are  quicker  than  ufual  when  they  be¬ 
gin  to  withdraw  themfelves,  and  difappear  when 
the  Earth  is  between  the  Sun  and  them  ;  or  elfe 
they  flacken  their  Pace,  and  feem  to  move  more 
flowly  when  the  Earth  is  in  the  oppoflte  Pofltion. 
Thefe  Changes  in  their  Motions  arife  from  the 
Motion  of  the  Earth ,  and  its  various  Pofltion,  as 
in  the  Planets ,  who,  according  as  the  Motion  of 
the  Earth  agrees  with  theirs,  or  is  contrary  to  it, 
fometimes  appear  to  go  with  a  Retrograde  Mo¬ 
tion,  fometimes  they  go  flower,  and  fometimes 
with  a  quicker  Motion. 

I  F  the  Earth  move  the  fame  way  as  the  Co¬ 
met  does,  and  hath  an  Angular  Motion  round  the 
Sun  quicker  than  it,  fo  that  the  Right  Lines  which 
conftantly  joins  the  Earth  and  Comet,  all  converge 
to  points  beyond  the  Comet  ^  this  Comet  feen 
from  the  Earth ,  upon  the  account  of  his  flower 
Motion,  will  appear  Retrograde :  But  if  the  Mo¬ 
tion  of  the  Earth  be  lefs  than  that  of  the  Corner^ 
the  Motion  of  the  Earth  takes  off  from  the  vifible 
Motion  of  the  Comet,  and  then  the  vifible  Motion 
of  the  Comet  feems  to  be  flower.  But  when  the 
Earth  and  Comet  have  contrary  Motions,  the  Co¬ 
met’s  apparent  Motion  is  thereby  accelerated. 

W  E  infer  the  fame  thing  from  the  Curvature 
of  a  Comet’s  Way,  for  they  generally  feem  to 
move  in  great  Circles  almoft  as  long  as  their  Mo¬ 
tion  is  fwift.  But  at  laft  when  that  part  of  their 
apparent  Motion  which  arifes  from  the  Parallax 
of  the  Annual  Orb,  bears  a  greater  Proportion  to 

theis* 
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their  whole  apparent  Motion,  then  they  ufe  to  de-  Ledfure 
viate  from  moving  in  a  great  Circle  *  and  when  XVII, 
the  Earth  moves  one  way,  they  go  the  contrary  : 

This  Defledtion  or  Deviation  arifes  chiefly  from 
the  Parallax  of  the  Annual  Orb,  and  exadfly  an- 
fwers  to  the  Quantity  of  the  Earth's  Motion. 

And  by  Obfervation  it  has  been  found  in  lome 
Comets  fo  great,  as  fufficiently  to  prove  that  they 
have  defended  far  below  Jupiter:  And  in  their 
Perigeons  and  Perihelions ,  when  they  are  neareft  to 
us,  they  often  come  within  the  Orbit  of  Mars, 
and  even  the  Orbits  of  the  inferiour  Planets 

WHEN  the  Comets  recede  from  the  Earth} 
and  approach  the  Sun,  their  Luftre  and  Light  is 
encreafed,  although  their  apparent  Diameters  be 
diminiflied  upon  account  of  their  further  Diftance 
from  us. 

THE  Figures  of  Comets  are  obferved  to  be  Toce  Fkure* 
very  different;  for  fome  of  them  throw  forth Qj  Comcts* 
Beams  like  Hair  every  way  round  them,  and 
thefe  are  called  Hairy  Comets.  Others  again  have 
a  long  Beard,  or  rather  a  fiery  Tail  oppofite  to 
the  Region  in  which  the  Sun  is  feen  ;  aild  they 
are  called  Bearded,  or  Comets  with  Tails .  Their 
Magnitude  has  alio  been  obferved  to  be  very  dif¬ 
ferent  ;  many  of  them,  without  their  Hair,  ap¬ 
pear  no  bigger  than  Stars  of  the  firft  Magnitude,' 

But  fome  Authors  have  given  us  an  Account  of 
others  which  were  much  greater  ;  fuch  was  that 
which  appeared  in  the  time  of  the  Emperor  Nero , 
which,  as  Seneca  relates,  was  not  inferiour  in 
Magnitude  to  the  Sun  itfelf.  So  the  Comet  which 
in  the  Year  1652.  Hevelius  obferved,  did  not  feem 
to  be  lefs  than  the  Moon ,  though  it  had  not  fo 
bright  a  Splendor ;  for  it  had  a  pale  and  dim 
Light,  and  appeared  with  a  difmal  AlpedL  Molt 
Comets  have  a  denfe  and  dark  Atmofphere  fur- 
rounding  their  Bodies,  which  weakens  and  blunts 
the  Suns  Rays  that  fall  upon  it  ;  but  within  it 
appears  the  Kernel  or  folid  Body  of  the  Comet, 
which,  when  the  Clouds  are  difperled,  gives  a 
fplendid  arid  brisk  Light. 

Q  %  COMET  S; 
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COMETS,  lince  they  are  at  fuch  a  diftarrce 
from  the  Earth ,  like  all  other  Stars ,  mult  have 
the  Apparent  Motion  round  the  Earth  from  Eafi 
to  tVeft,  which  arifesonly  from  the  Rotation  of  the 
Earth  round  its  Axis.  But  befides  this  they  have 
a  real  and  proper  Motion  of  their  own,  by  which 
they  are  continually  fhifting  their  place  in  the 
Heavens,  and  have  their  proper  courfes  in  the 
Celeftiai  Regions.  The  Antients  were  not  igno¬ 
rant  of  fuch  a  Motion,  for  they  never  had 
reckoned  them  among  the  wandring  Stars ,  unlefs 
they  had  known  that  like  the  Planets ,  they  had 
their  peculiar  Courfes :  Seneca  acknowledged  and 
obferved  that  they  had  fuch  a  Motion,  and 
faid  that  their  way  was  in  a  Right  Line,  or  as 
the  Aftronomers  ufe  to  fay,  in  a  great  Circle.  For 
in  the  Seventh  Book  of  his  Natural  Queftions, 
Chap.  8.  he  fays,  4  that  the  Courfe  of  a  Comet  is 
4  eafy  and  quiet,  that  it  takes  a  determined  way : 
4  That  Comets  do  not  proceed  in  a  confufed  and 
6  tumultuous  manner,  as  fome  believe,  nor  are  they 
4  driven  by  Turbulent  and  uncertain  Caufes.  In 
his  29th  Chap,  he  mentions  two  Comets,  one  of 
which  in  the  fpace  of  lix  Months  palled  thro’  one 
half  of  the  Heavens :  Another  in  the  Time  of 
the  Emperor  Claudius ,  was  fir  ft  obferved  towards 
the  North ,  which  by  Degrees  arofe  diredtly  higher 
and  higher,  ’till  it  quite  difappeared. 

BY  the  means  of  a  Celeftiai  Globe,  in  whofe 
Surface  the  Stars  are  rightly  placed  and  painted, 
by  a  Mechanical  Method  she  way  of  a  Comet 
may  be  ealily  traced  in  the  Heavens.  Let  there 
be  every  Day  obferved  four  Stars  which  are  round 
the  Comet,  and  let  them  be  fuch  as  the  Comet 
may  be  in  the  Right  Lines  which  joins  the  two 
oppolite  Stars;  which  may  ealily  be  found  out  by  the 
means  of  a  Thread  placed  before  the  Eye,  and 
extended  over  againft  the  Stars  and  Comet :  For 
Example,  let  the  Comet’s  place  be  A,  between  the 
four  Stars  B,  C,  D,  E,  fo  that  the  Line  joining  the 
Stars  B  and  D  may  pals  thro’  the  Body  of  the 
Comet  5  and  fo  like  wife  the  Lines  palling  thro* 

th'er 
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the  Stars  C  and  E.  And  therefore  upon  a  Globe  Ledlure 
in  which  are  marked  thefeTour  Stars  in  their  pro-  XVII, 
per  places,  extend  one  Thread  thro’  the  Stars  B 
and  D,  and  another  thro’  the  Stars  C,  E,  and  the 
Interfedrion  of  the  Threads  will  give  you  the 
place  of  the  Comet.  Jf  this  be  daily  done,  and 
the  place  of  the  Comet  be  every  Day  taken,  by 
this  means  we  {hail  manifeftiy  find  out  the  Courfe 
a  Comet  takes  in  the  Heavens,  which  will  be 
found  to  be  a  great  Circle;  for  all  the  Points  thus 
mark’d  will  be  found  to  fall  on  the  Periphery  of 
a  great  Circle  :  And  having  any  two  Points  of 
this  Circle,  we  fhail  find  its  inclination  to  the 
Ecliptick,  and  rhe  places  of  the  Nodes  $  for  it  is 
only  obferving  where  a  Thread  ilretched  thro’ 
the  two  Points  cuts  the  Ecliptick. 

THERE  is  another  way  of  finding  out  the  Another 
proper  courfe  of  a  Comet,  by  obferving  every  Day 
its  diftance  from  two  fixed  Stars,  whofe  Longi- 1  e  J’anu’ 
tudes  and  Latitudes  are  known;  from  which  di- 
ftances  we  can  compute  the  places  of  the  Comet; 
and  thefe  places  being  marked  on  the  Surface  of  The  courfe 
a  Celeftial  Globe,  will  manifeftiy  fliew  that  the  °f  a  Comt 
Courfe  or  a  Comet  is  in  a  Portion  or  a  great  \y  be  in  a 
Circle,  excepting  that  the  Motion  of  the  Earth  great  Circle. 
will  make  it  appear  to  deviate  a  little  from  it. 

HENCE  it  is  manifeft  that  the  Motion  of 
Comet  is  in  a  Plane,  which  paffes  thro’  the  Eye  mets  is  in 
of  the  Speculator,  or  more  exadlly  which  pafleth  }J^!ebs  pa!s 
rhro’  the  Sun ,  for  all  viflble  Motion  that  is  mad Q^roUbtEye 
in  fuch  a  Plane,  however  it  be  inclined  to  the  E-orikSuu, 
cliptick,  will  always  appear  to  be  in  the  Periphery 
of  a  great  Circle.  Moreover,  the  Motion  of  a 
Comet  is  regular  and  orderly,  and  tho’  it  is  une¬ 
qual,  yet  there  is  a  certain  cxadl  order  obferved 
in  rhe  very  inequality  of  Motion.  The  proper 
Motion  of  Comets  is  not  the  lame  in  all, 
each  has  its  peculiar  Courfe  :  Some  go  from  the 
Weft  to  the  Eaft,  others  from  Eaft  to  Weft,  con¬ 
trary  to  the  order  of  the  Signs,  and  their  ^di- 
I  redlion  is  contrary  to  the  way  the  Planets  take, 
who  all  move  from  Weft  to  Eafi :  All  of  them  thae 

O  3  arc 


i98  'ASTRONOMICAL 

Lecture  exadtly  obferved,  turn  Southwards  or  Northwards? 

XVII.  with  different  inclinations  to  the  Ecliptick ;  and 
they  are  not  like  the  Planets  to  be  comprehended 
within  the  Zodiac 4,  but  they  quickly  depart  out 
of  it,  and  with  various  Motion  pafs  thro*  all  the 
Regions  of  the  Heavens,  fome  with  a  quicker, 
fome  a  flower  Motion  :  The  greateft  Velocity 
that  any  we  have  yet  fecn  has  had,  was  than 
which  was  obferved  by  Regiomontanus,  which 
Comet  moved  in  one  Day  fully  forty  Degrees.' 
Some  are  fwifreft  in  the  beginning  of  their  ap¬ 
pearance,  and  flacken  their  pace  as  they  begin  to 
,vanifh.  Others  again  in  the  beginning  and  end 
of  their  Appearance  have  flow  a  Motion  ;  but  in 
the  middle  Time  they  are  carried  with  a  greater 
Velocity. 

Comets  de*  j  y  his  been  obferved  that  fome  Comets  for  a 
'dtourfe )n a- few  Da) s  before  they  difappeared,  did  not  keep 
gnat  Circle,  their  Courfe  exadfly  in  a  great  Circle,  but  did 
fomewhat  deviate  from  it,  fo  that  the  Angle  of 
the  Comets  Orbit  and  the  Ecliptick,  was  found 
to  be  different  at  laft  from  what  it  was  at  firft  : 
But  this  defledlion  was  only  apparent,  and  did 
not  arife  from  the  real  Motion  of  the  Comet,  but 
from  that  of  the  Earth ,  as  we  fhewed  in  the  In- 
feriour  and  Superiour  Planets ;  whofe  diftance 
and  Inclination  to  the  Ecliptick  is  various,  accord- 
ing  to  the  different  Polition  of  the  Earth ,  whereas 
if  they  were  obferved  from  the  Sun,  any  one-  of 
them  would  always  appear  to  move  in  the  fame 
great  Circle.  •;.<  -  ^ 

The  true  A  L  T  H  O’  the  Motion  of  a  Comet  appears  to 
'comet^de  *n  a  8reat  Circle,  yet  its  true  way  may  be  quite 
{cubes.  "  different  from  a ,  Circle,  and  may  be  in  very  va¬ 
rious  and  different  Lines,  as  either  a  Right  Line, 
an  Elliptick,  Parabolick,  or  Hyperboliek  Curves 
or  it  may  be  any  other  Curve  deferibed  in  the 
fame  Plane :  for  all  Motions  in  whatever  Line  the 
moving  Body  rakes,  when  it  lies  in  a  Plain  paf- 
fing  thro*  the  Eye,  will  always  be  obferved  to  he 
performed  in  a  great  Circle.  Many  Phllofophers , 
§md  not  a  few  Jjlronomers,  have  maintained  that 

the 
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the  Comers  Motions  are  Rectilinear;  But  that  LeCture 
which  anlwers  belt  to  their  appearances  is  a  XVII 
Motion  in  a  Parabolick  or  Elliptical  Orbit.  And  C«''’Y>sJ 
if  their  Orbits  be  Elliptical,  they  are  extreamly  " 
excentrick,  fo  that  their  greater  Axis  bears  a  very 
conhderable  Proportion  to  their  leffer;  upon  which 
account  they  differ  very  much  from  the  Planets 9 
which  tho*  they  move  in  Elliptical  Orbits,  yet 
they  are  lo  little  excentrick,  that  they  differ  but 
a  Imali  matter  from  Circles:  Now  the  Sun  re¬ 
sides  in  the  common  Focus  of  the  Orbits  of  both 
Comets  and  Planets.  And  the  Comets  obferve 
the  lame  Law  in  their  Circulations  round  the  Sun 
as  the  Planets  do,  that  is,  they  move  at  fuch  a 
rate  in  their  Orbits,  that  the  Line  which  joins 
the  Sun  and  them,  does  always  delcribe  Areas  or 
Spaces  proportional  to  the  Times;  And  therefore 
upon  the  fame  account  as  the  Planets ,  they  like- 
wife  muff  have  a  Gravity  or  Pr^penfton  towards 

the  Sun.  ,  The  c 

WHEN  the  Comets  come  to  the  inf^riour  Parts  of  mets  c  wh  'n 
their  Orbits,  and  defeend  towards  the  Sun,  or  are  become 
juft  afeending  from  him,  then  only  they  become  ^henlnviA. 
vilible;  afterwards  departing  from  the  Sun,  and  af-  lie. 
cending  higher  in  their  Orbits,  they  run  out  into 
far  diftant  Regions,  and  withdraw  themfelves 
from  our  Sight :  for  upon  the  account  of  their 
going  further  off  the  Sun ,  the  Light  they  receive 
from  him  is  thereby  much  weakned  ;  and  becaufe 
likewile  of  their  greater  diftance  from  us,  their 
Apparent  Diameters  become  conftantly  lefs,  till  at 
laft  they  vanifli  into  a  Point,  and  become  invih- 
ble.  In  their  Aphelions  whither  they  run  out  into 
far  diftant  Regions,  becaule  of  the  great  Excen- 
tricity  of  their  Orbits,  they  have  a  very  flow  Mo¬ 
tion  ;  but  in  their  Perihelions  where  they  come  near 
the  Sun ,  they  move  with  a  quick  pace. 

LET  S  be  the  Sun ,  APDG  the  Elliptick  Orbit 
of  a  Comet;  TCE  the  Orbit  of  the  Earth.  If  we 
fliould  fuppofe  the  femi-Axis  of  the  Comet’s 
Orbit  to  be  ioo  times  greater  than  the  femi-Axis 
of  the  Earth's  Orbit,  or  which  is  the  fame,  than 
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Lecture  its  mean  diftance  from  the  Sun,  that  Comet  would 
XVII.  not  compleat  its  Revolution  in  lefs  than  1000 
Years  ;  for  the  Squares  of  the  Periodical  Times  of 
the  Earth  and  Comer,  mult  be  as  the  Cubes  of 
*£™their  mean  diftances  from  the  Sun:  and  the  Comet 
becomes  vilible  only  for  that  part  of  its  Period, where¬ 
in  it  defcends  towards  the  Sun,  and  approaches  near 
the  Earth  as  in  F;  and  then  after  it  hath  palled  its 
Perihelion,  conftantly  riling  higher  from  the  Sun 
about  G,  it  will  begin  to  vanifli,  and  will  not 
be  vifible  without  a  Telefcope.  If  the  Aphelion 
diftance  be  to  the  Perihelion ,  as  iooo  is  to  one, 
the  Velocity  of  a  Comet  in  the  Perihelion,  will 
bear  the  fame  Proportion  to  the  Velocity  at  the 
Aphelion.  For  the  Area  A  S  B  muft  be  but  equal 
to  the  Area  PSD,  if  the  Arches  AB  and  P D  be 
defcribed  by  the  Comet  in  equal  times,  and  then 
the  Arch  P  D  muft  be  greater  than  A  B,  in  the 
fame  Proportion^  AS  is  greater  than  PS.  This 
is  the  Proportion  of  their  abfolute  Velocities.  But 
their  Angular  Velocities  about  the  Sun  are  in  a  du- 
plicat  Bropoftlion  of  thefe  diftances,  or  as  ioooooo 
toi,lothar  while  theCometin  its  Peri helion  defer ibes 
one  Degree  with  its  Angular  Motion;  when  it  af- 
cends  to  its  Aphelion,  it  will  defcribe  in  an  equal 
Time  but  the  of  a  Degree;  fo  that  there  it 

may  have  lo  flow  a  Motion,  that  it  will  re¬ 
quire  feveral  Years  before  it  can  compleat  a 
Degree  of  Angular  Motion. 

The  /mail  SINCE  the  Elliptick  Orbits  of  Comets  are  all 
rbni°EUipfe  0 f  r^em  very  Excentrick,  thofe  Portions  of  them 
which  a  cone  wherein  they  become  vilible  to  us,  may  pafs  for 
deficr'il es  Parabola's.  For  if  one  of  the  Focus's  of  an  Ellipfe 

j!en  by  us,  recede  infinitely  from  the  other,  this  Ellipfe  will 
may  be  el  thereby  be  changed  into  a  Parabola,  as  when  the 
fteemed  as  EW0  j voci  come  together  and  coincide,  the  Elliplis 
a  ara  a  a.  ^  changecJ  jnto  a  Circle.  Now  by  conlidering 
that  Portion  of  a  Comet’s  Orbit  which  is  near 
the  Perihelion ,  as  a  peice  of  a  Parabola  near  its 
F'ertex,  the  Calculation  of  their  Motions  becomes 
much  eafier;  and  upon  that  Hypothefis  our  molt 
Skillful  Ajlronomer  and  Geometer  Dx.  Halley has 
•  conftrudled 
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conftru&ed  and  Calculated  a  Table,  by  which  the  Lefture 
Motions  of  all  Comets  are  eafily  computed,  and  XVII. 
the  Calculations  founded  on  this  Hypothecs,  do 
exactly  agree  with  the  Obfervations  made  on  them. 

Dr.  Hailey  himfelf  having  computed  the  Motions 
of  feveral  Comets,  and  compared  them  with  Ob- 
iervadons  made  by  others,  has  found  there  was  fo 
nice  a  Correspondence  between  them,  that  the 
Calculation  fcarce  ever  differed  from  the  Observa¬ 
tion  above  three  Minutes.  By  which  Examples  ic 
is  abundantly  manifeft  that  this  Theory  Satisfies  all 
the  Appearances  and  Motions  of  Comets,  with  no 
lefs  exatffnefs  than  the  Motions  of  the  Planets  are 
accounted  for,  and  foretold  from  the  Theories  we 
have  of  them,  whofe  computed  places  do  fometimes 
differ  from  Observations  as  much  as  in  Comets.  And 
altho’  the  Motions  of  Comets  are  much  more  un¬ 
equal  than  thofe  of  the  Planets ,  yet  this  Theory 
does  wonderfully  anSwer  all  their  Appearances; 
and  therefore  fince  it  is  built  upon  the  Same  Laws 
as  the  Theory  of  the  Planets ,  and  the  Motions  of 
one  governed  by  the  fame  Phyfical  CauScs  as 
they  of  the  other  are ;  and  fince  it  accurately  an¬ 
swers  all  Observations  of  Aftronotners ,  it  cannot  but 
be  the  true  Theory. 

ALTHO’  all  the  Planets  have  their  proper 
Motions  from  Weft  to  Baft,  yet  many  Comets  from  Eatt  f 
have  been  oblerved  to  hold  on  in  a  contrary  Welt. 
Courfe,  and  have  been  Seen  to  go  from  Baft  to 
Weft,  with  a  very  great  Degree  of  Velocity.  Such 
was  the  Courfe  of  the  Comet  which  Regiomonta¬ 
nus  obServed  in  the  Year  1472,  that  deicribed  40 
Degrees  of  a  great  Circle  in  one  Day.  Hence  we  r 
can  pofitively  conclude  that  there  are  no  Vortices , 
or  Whirlpools  of  Fluid  matter  in  the  Heavens,  ndvomices, 
which  according  to  the  Opinion  of  Some  Pbilofo- 
phers  carry  the  Planets  round  the  Sun :  for  if  there 
were  any  fuch  Whirle-pcols,  when  the  Comets 
come  down  and  enter  within  the  Region  of  the 
Planets ,  they  muff  be  ncceffarily  driven  out  of 
their  Courfe,  by  the  rapid  Motion  of  the  Solar 
Vortex,  as  by  a  mighty  Torrent,  which  near  the 
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Earth  is  of  fuch  a  force,  that  it  carries  it  above 
20000  Miles  in  an  Hour  rand  who  can  think  that 
fo  rapid  a  Stream  would  not  afted  the  Comets,  an4 
when  they  have  a  Motion  contrary  to  its  Motion, 
loon  deftroy  it :  For  what  can  refill  lo  violent  a 
(Torrent  of  Fluid  matter.  Now  many  Comets 
have  been  obferved  who  take  a  Courfe  diredly 
contrary  to  this  Stream,  and  which  perform  their 
Motions  with  the  greateft  Freedom  and  without 
the  leaft  Refiftanee,  juft  after  the  fame  manner  as 
they  would  do  in  a  void  Space,  where  there  is 
nothing  to  withftand  them.  But  this  is  plainly 
repugnant  to  the  Nature  of  a  Vortex ,  for  that 
Medium  which  can  put  the  Planets  in  motion,  would 
without  all  Queftion,  fet  all  other  Bodies  which 
Swim  in  it  a  going  the  fame  way.  But  fince  there 
is  nothing  like  this  obferved  in  Comets,  we  muft 
acknowledge  that  in  the  Heavens  there  is  no  Re¬ 
finance,  and  therefore  no  Medium  or  Fluid,  which 
compared  with  our  Air  hath  any  fenfible  denfity: 
For  our  Air  gives  a  very  confiderable  Refiftanee 
to  all  'Bodies  that  move  in  it. 

LET  not  therefore  the  Cartefeans  and  Leihni~ 
firms,  talk  to  us  any  more  about  their  Vortices ; 
for  the  Appearances  of  the  Celeftial  Bodies  are 
fuch,  as  that  we  can  by  no  means  admit  of  them  5 
fo  that  they  who  labour  to  explain  the  Motions 
of  the  Heavens  by  them,  do  only  amufe  us  with 
trifles  and  impofTibilities ;  and  it  is  to  no  purpofe 
to  trouble  our  lelves  any  longer  with  their  Fancies, 
lince  there  is  Demonftration  againft  them. 

S  INCE  the  Refiftanee  of  a  Fluid  Medium  arifes 
chiefly  from  its  Denfity,  it  from  thence  neceflarily 
follows  that  where  there  is  no  fenfible  Refiftanee 
of  the  Medium ,  there  the  Medium  muft  have  no 
fenfible  Denfity;  and  therefore  fince  in  rhe  Hea¬ 
vens  the  Comets  fufter  no  fenfible  Refiftanee,  buc 
exert  their  Motions  with  the  greateft  freedom,  as 
if  they  were  in  a  perfed  void  or  Vacuum ,  there 
likewifethe  Denfity  of  the  Medium  muff  be  the  leaft 
that  can  be,  or  next,  to  Nothing.  And  who  knows 
but  the  Medium  in  the  Heavens  may  be  fo  rare 
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and  fine,  that  if  you  except  the  Planets  and  their  Lecture 
■Atmofpbcrs,  the  matter  which  is  diffufed  thro*  all  XVIL 
the  reft  of  the  Planetary  Region,  or  our  Solar 
Syltem,  may  not  be  fo  much  as  that  which  is  con¬ 
tained  in  an  Inch  of  our  common  Air.  For  this 
we  have  demonftrated  to  be  poftible  in  our  Phy- 
fical  LeCtures.  ;  <  •*  '  *  ; 

•  TH  E  Philofophers  after  this  need  trouble  us  no  of 
longer  with  their  Metaphyfical  Quirks  againft  a  proved .  * 

Vacuum  •  for  they  feem  to  be  very  like  the  Quibles 
of  the  Antienc  Sopbifts  againft  the  pofiibility  of 
Motion:  and  as  Diogenes  confuted  thofe  Sopbifts  by 
riling  and  walking,  fo  we  may  anfwer  the  Carte- 
fians  by  bidding  them  look  up  into  the  Heavens, 
and  there  notwithftanding  their  nice  and  fubtle 
Arguments,  they  will  find,  from  the  Appearances 
and  Motions  there  obferved,  a  manifeft  Demon- 
fixation  for  the  neceflity  of  a  Vacuum. 

FEW  Comets  have  been  obferved  before  their  The  Tails 
defcent  to  the  Sun,  and  their  Return  from  their  of  Comets. 
Perihelion.  For  before  they  have  been  conlidera- 
bly  heated  in  the  Neighbourhood  of  the  Sun ,  they 
lcarcely  projeCt  a  Tail  to  make  them  remarkable. 

But  after  they  have  been  well  heated  in  their  Peri¬ 
helion,  then  they  generally  fend  forth  a  large  Alin¬ 
ing  and  fiery  Tail,  which  feems  to  conlift  of  a 
very  fine,  rare  and  luminous  matter,  which  is  at¬ 
tenuated  by  the  great  heat  of  the  Sun ,  and  pro¬ 
jected  with  an  immence  force  from  the  Body  of 
the  Comet.  The  caufe  of  this  Projection  perhaps 
may  be  very  like  that  whereby  a  great  quantity 
of  fine  Lucid  Vapour  was  lately  thrown  out  from 
the  Earth ,  to  an  immcnfe  height  above  the  Air,  fo 
that  it  was  vifible  thro’  the  gteateft  part  of  Europe ; 
and  in  Figure  and  Luftre  looked  very  like  the 
Tails  of  Comets3  but  the  matter  being  fpent  it  loon 
Vani  died. 

I  T  is  very  remarkable  that  all  Comets  have  The  Tads 
their  Tails  in  oppofition  to  the  Sun ,  that  is  if  the  9f  comets 
Sun  be  in  the  Weft,  the  Tail  is  proje&ed  Eaftward,p0Jt^st0 
or  if  the  Sun  be  in  the  Eafl ,  the  Tail  looks  Weft-  sun. 
ward  5  at  Midnight  the  direction  of  the  Tail  is  to 

the 
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Te&ure  the  North.  Thefe  Tails  grow  bigger  as  they  deC 
XVII.  fcend  to  the  Sun,  and  at  the  Perihelion s  they  are 
biggeft ;  and  as  they  go  further  off  from  the  Sun, 
and  cool  by  degrees,  the  Tail  leffens,  till  at  laid  it 
is  contracted  within  the  Comets  Attuoiphere. 

COMETS  which  have  fhorc  Tails  do  not 
throw  forth  the  matter  of  them  with  a  very  quick 
Motion,  in  a  continual  Stream  from  their  Bodies, 
for  then  they  would  foon  be  dfffipated  and  vanifli; 
but  thefe  Tails  feem  to  be  rather  permanent  and 
fixed  Columns  of  Vapour  and  Exhalations,  which 
being  propagated  from  the  Body  with  a  flow  Motion 
upwards,  and  retaining  ftill  the  Motion  which 
they  had  imprefled  in  them  to  go  along  with 
the  Comet,  they  fliii  continue  to  move  on  with 
the  Body  thro’  the  Celeftial  Regions.  From 
hence  w,e  may  likewife  conclude  that  in  the 
Heavens  there  is  no  Refiftance;  for  in  them  not 
only  the  Solid  Bodies  of  Planets  move,  but  alfo 
the  thin  and  line  Vapours  which  arife  from  Co¬ 
mets  feel  no  refiftance,  but  move  with  the  great- 
eft  freedom,  and  for  a  long  time  preferve  their 
Motions. 

THE  great  Comet  which  appeared  in  the 
jYear  1680,  after  its  departure  from  the  Perihe¬ 
lion,  projected  fueh  a  Tail  as  extended  its  felf 
more  than  40  Degrees  in  the  Heavens;  nor  can 
this  be  a  wonder,  for  it  was  fo  near  the  Sun, 
that  its  diftance  from  his  Surface  at  the  Perihelion, 
was  but  a  fixth  Part  of  the*  Diameter  of  the  Sun’s 
Body;  and  therefore  the  Sun  feen  from  the  Body 
of  the  Comet  would  appear  to  fill  the  greateft  part 
of  the  Heaven,  and  its  Apparent  Diameter  would 
not  be  lefs  than  120  Degrees;  and  therefore  the 
heat  it  received  from  thence  muft  be  prodigioufly 
intenfe  beyond  imagination,  for  it  exceeded  above 
3000  times  the  Heat  of  red  hot  Iron.  And  there¬ 
fore  we  muft  allow  that  the  Bodies  of  Comets 
which  can  bear  fo  great  a  heat  muft  be  very 
denfe,  hard  and  durable  Bodies  :  for  if  they  were 
nothing  but  Vapours  and  Exhalations  raifed  from 
the  Earth  and  Planets ,  as  fotne  have  dreamr,  this 
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Comet,  at  fo  near  an  approach  to  the  Sun]  muft  Le&ure 
have  been  quite  deftroyed  and  diftipated.  XVIIL 


LECTURE  XVIIL 

The  Spherical  Doctrine,  or  of  the  Circles  of 

the  Sphere » 


I  N  C  E  every  Spectator  in  whatever  The  Eye 
o  ^  place  of  the  vaft  Expanlion  of  the  tj-  °f a.  sPfSa~ 
niverfe  he  relides,  is  always  in  the  ffthe center 
Center  of  his  own  view,  when  he  looks  rf  his  own 
up  at  the  Heavens,  he  will  fee  it  as  a  Concave  View' 
Spherical  Surface,  whofe  Center  is  the  Eye,  which 
Surface  is  every  where  befpangled  with  an  innu¬ 
merable  multitude  of  fhining  Scars:  and  the 
Spectator  will  likewife  oblerve  that  all  the  Hea¬ 
venly  Bodies  perform  their  Motions  whither  real  Jf  •  na 
cr  apparent  in  this  Surface.  Now  fince  the  di-  matter  wbi- 
ftance  of  the  Earth  from  the  Sun  is  but  a  Point,  as  tjoertHCef'e 
it  were,  in  comparifon  of  the  immenfe  diftance  of  Heavens  be 
the  Starry  Firmament,  in  whatever  Point  of  its  considered  t* 
Orbit  the  Earth  is  placed,  there  will  be  the  fame^^^u0 
profpedf  of  the  Heavens,  the  fame  Polition  and 
Magnitude  of  the  Stars  and  Figures  of  the  Con- 
ftellations,  as  a  Spectator  would  obferve  did  he  re- 
fide  in  the  Sun ,  and  therefore  it  is  the  fame  thing 
as  to  thefe  Appearances  whither  the  Center  of  the 
Univerle  or  Heaven?,  be  placed  in  the  Sun  or 
Earth :  and  if  we  imagine  feveral  Circles  to  pafs 
thro’  the  Earth ,  and  to  have  its  Center  for  theirs, 
and  others  Parallel  to  them  to  pafs  thro’  the  Sun , 
the  Circles  in  the  Heavens  will  feem  to  coincide, 
becaufe  their  diftance  will  vanifh  in  refpedt  of  the 
immenfe  diftance  of  the  fixed  Stars ;  and  thofe  Cir¬ 
cles  which  are  drawn  thro’  the  Sun  and  Earth  on 
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Parallel  Planes  will  appear  to  pafs  thros  the  fame 
Stays  in  the  Heavens.  . . .  ;  « 

FOR  the  better  determining  the  places  of  all 
fort  of  Stars  and  obferving  of  their  Motions,  it  is 
requisite  to  imagine  feveral  Circles  defcribed  in 
the  Heavens,  fome  of  which  are  great  Circles,  o- 
thers  of  a  lefs  fize.  A  great  Circle  is  the  greateft 
that  can  be  defcribed  on  the  Surface  of  the  Sphere, 
and  divides  it  into  two  equal  portions,  and  has 
like  wife  the  fame  Center  that  the  Sphere  has,  and 
therefore  all  great  Circles  having  the  fame  Center 
muft  cut  each  other  into  equal  Portions  or  Semi¬ 
circles.  .  ,  .  ..  V 

THE  leffer  Circles  divide  the  Sphere  into  un¬ 
equal  Portions,  and  have  not  the  fame  Center  that 
the  Sphere  has ;  and  they  take  their  Deno¬ 
mination  from  iome  great  Circle  to  whom  they 
are  Parallel,  as  the  Equator,  Horizon,  or  Eclip- 
tick.  „ 

EVERY  Circle  of  the  Sphere  hath  two  Poles] 
which  are  Points  on  the  Surface  of  the  Sphere, 
which  are  at  equal  diftances  from  all  the  Points 
of  the  Circle;  and  they  are  placed  in  the  Surface 
.where  a  Line  from  the  Center  perpendicular  to 
the  Plane  of  the  Circle  meets  with  the  Surface  of 
the  Sphere,  when  the  Line  is  produced  both 
ways. 

SOME  Circles  of  the  Sphere  depend  only  upon 
the  place  of  the  Spectator,  and  have  a  regard  to 
his  polition  ;  others  again  are  produced  by  Motion: 
the  firft  are  called  moveable  Circles,  becaufe  as 
the  place  of  the  S  pedlar  or  is  changed  fo  are  they, 
and  move  along  with  him.  The  fecond  are  called 
immoveable,  and  are  fuppofed  to  be  fixed  to  the 
fame  Points  of  the  Heavens. 

THE  Circles  which  owe  their  Origin  to  Motion’ 
are  chiefly  the  Ecliptick  and  Equincdlial  and  their 
Parallels.  For  becaufe  the  Earth  is  carried  round 
the  Sun  in  a  Year,  a  Spectator  in  the  Sun  will  fee 
the  Earth  defcribe  a  great  Circle  in  the  Heavens 
of  Starry  Firmament,  which  we  call  the  Ecliptick; 
it  is  the  very  fame  Circle  which  we  in  the 
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Earth  obferve  the  Sun  to  move  in  by  an  Apparent 
Motion,  likewife  in  the  fpace  of  a  Year,  as  we 
(hewed  before :  The  Ecliptick  is  divided  into 
Twelve  equal  parts,  which  are  called  the  Twelve 
Houles  or  Signs,  and  they  have  their  Names  from 
the  Neighbouring  Conftellations :  they  begin  at  the 
Vernal  Interfedfion  of  the  Equator  and  Ecliptick, 
and  are  reckoned  from  the  PVeft  Eafiwards  as  the 
Sun  feems  to  move.  The  firft  three  Signs  are 
Y  b'  H,  which  rife  from  the  iEquinodtial,  and  at¬ 
tend  Northwards  to  the  Point  of  the  Summer  Sol- 
ftice.  The  next  three  are  @  £1*$,  which  begin 
from  Cancer  and  defcend  again  towards  the  Equi- 
nodtial  till  they  come  to  the  Autumnal  Interledli- 
on.  The  third  Ternary  of  Signs  confifts  of 
which  begin  at  Libra,  and  departing  from  the  E- 
quinodtial  Southward ,  reach  the  Winter  Solftice. 

make  the  fourth,  which  begin  at  Capricorn, 
and  end  in  the  Vernal  Equinox.  Each  Sign  is  di¬ 
vided  into  30  Degrees  and  confequently  the  whole 
Ecliptick  into  360.  The  Sun  is  always  obferved  in 
this  Circle  and  never  deviates  in  the  lead:  from  it, 
as  the  Planets  do,  which  go  fometimes  on  one 
Jfide  of  it,  fometimes  on  the  other,  thro’  a  fpace  of 
about  eight  Degrees,  and  therefore  if  we  imagine 
a  broad  Circle  or  Zone,  of  about  Sixteen  De¬ 
grees  in  breadth,  which  the  Ecliptick  cuts  in  the 
middle,  this  will  be  the  Space  wherein  the  Planets 
perform  all  their  Motions,  and  by  the  Greeks  it  is 
called  the  Xpdiach^  by  the  Latines  Signifcr ,  or  the 
Sign  bearer,  becaufe  of  the  Signs  placed  within  it. 

I  F  we  imagine  an  indefinite  number  cf  great 
Circles  to  be  drawm  thro’  the  Poles  of  the  Ecliptick 
and  intcrfedling  of  it,  thele  Circles  are  called  Se- 
cundaries  of  the  Ecliptick;  for  by  them  every  Star 
and  Point  of  the  Heavens  are  reduced  to  the  Eclip¬ 
tick,  and  have  their  places  in  regard  to  it  deter¬ 
mined  in  the  Heavens.  For  the  Place  of  any  Star 
reduced  to  the  Ecliptick  is  that  Point  where  the 
Secundary  palling  thro’  the  Star  interfedts  the  Eclip¬ 
tick  :  The  Arch  between  this  Point  and  the  begin¬ 
ning  of  Y  or  the  Vernal  interfedtion,  and  counted 
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Led:  ure  EaftwarcL  is  called  the  Longitude  of  that  Star]  as 
XVIII.  the  Arch  of  the  Secundary  between  the  Star  and 
the  Ecliptick  is  called  the  Latitude  of  that  Star, 
A  be  Lon-  and  is  either  North  or  South ;  for  the  Ecliptick  di- 
ifar  ^  °~  ^vides  the  Starry  Firmament  into  two  Hemifpheres 
North  and  South. 

SINCE  the  Earth  turns  round  its  own  Axis, 
from  thence  it  comes,  thar  the  Inhabitants  thereof 
fee  the  Heavens  and  all  the  Stars  revolve  round 
the  Earth  in  the  Space  of  twenty  four  Hours  from 
Eaft  to  Weft  ;which  Apparent  Motion  is  called  the 
Diurnal,  or  daily  Revolution  of  the  Heavens,  and 
was  conceived  to  be  by  the  Force  of  a  moving  Sphere 
The  Pri- called  the  Primum  Mobile  or  firft  mover,  which 
Hium  mo-  canqecj  the  whole  Heavens  round  with  it  about 
an  Axis  which  coincides  with  the  Axis  of  the  Earth 
produced*  as  if  the  Earth  it  felf  had  no  Motion, 
but  the  Heavens  were  Volvible.  The  great  Circle 
which  is  exactly  between  the  two  Poles  of  the 
Earth,  or  at  equal  diftance  from  both,  is  called  the 
Earth's  Equator  ;  and  if  we  imagine  the  Plane  of 
this  Circle  extended  or  produced  to  the  Heavens, 
it  will  there  make  the  Celeftial  Equinoctial  Circle, 
or  the  Equator  in  the  Heavens ;  and  all  the  Star * 
and  every  Point  of  the  Heavens,  except  the  two  Poles, 
The  Equi-  will  feem  to  defcribe  by  their  Apparent  Revolution 
ms&al.  either  this  Circle,  or  a  leflfer  Parallel  to  it;  which 
Circles  are  either  bigger  or  leffer,  according  as  the 
Stars  which  feem  to  defcribe  them,  are  more  remov¬ 
ed  or  nearer  to  the  Poles . 

THE  Equinodial  and  Ecliptick  being  both 
great  Circles,  will  cut  each  other  into  Semi-circles, 
and  their  common  interfeClion  will  always  keep 
Parallel  to  its  felf,  and  will  conftantly  be  directed 
to  the  fame  Point  of  the  Heavens,  for  we  here 
abftraCt  and  confider  as  nothing,  that  very  final! 
Motion  whereby  the  Axis  of  the  Earth  falls  back¬ 
ward,  and  this  InterfeClion  equally  with  it.  And 
therefore  whenever  the  Sun  is  obferved  in  the 
Point  of  the  Ecliptick  where  this  interfe&ion  is, 
that  is,  when  the  Earth  is  realty  in  the  oppofite,  the 
Sun  then  by  Apparent  diurnal  Motion  will  de¬ 
fcribe 
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fcribe  the  Equino&ial  Circle  in  the  Heavens;  and 
there  being  two  Points  of  InterfeCtion,  the  Sun  will 
be  obferved  to  revolve  in  the  Equinoctial  twice* 
every  Year,  that  is,  when  he  is  in  the  two  Inter- 
feCtions,  Vernal  and  Autumnal,  at  which  times  all 
the  Inhabitants  of  the  Earth  will  have  their  Days 
and  Nights  equal ;  upon  which  account  this  Circle 
has  got  the  Name  of  the  EquinoCtiaL  The  Angle 
which  the  Ecliptick  and  the  Equator  make  at  the 
Points  of  InterfeCtion  is  about  23 f  Degrees.  The 
Sun  leaving  thefe  IntcrfeCHons  by  an  Apparent 
Motion,  declines  every  Day  from  the  Equinoctial' 
Circle  more  and  more  towards  the  North  or  South , 
till  he  comes  to  the  Nintieth  Degree  from  the  In- 
terfe&ions,  where  he  appears  to  be  23*-  Degrees 
diftant  from  the  Equinoctial,  which  is  his  great- 
eft  Declination  :  For  from  thence  he  begins  to  re¬ 
turn  again  towards  the  Equinoctial,  and  therefore 
the  two  lefter  Circles,  which  the  Sun  at  his  greateft 
Declination  feems  by  his  Diurnal  Motion  to  de~ 
fcribe,  are  called  the  Tropicks ,  from  a  Greek  Word 
which  fignifies  to  return:  This  upon  the  North  fide 
of  the  EquinoClial  is  called  the  Trcpick^of  Cancer , 
the  other  on  the  South  fide  the  Tropicl^oi  Capricorn* 
How  this  Apparent  Motion  of  the  Sun  and  con- 
ftant  change  of  his  Declination  arile  from  the  real 
Motion  of  the  Earth,  the  Sun  himlelf  being  all  the 
while  at  reft,  we  have  already  explained  in  our  fe- 
venth  LeSiurc. 

THERE  are  two  remarkable  Idler  Circles  of 
the  Sphere  which  are  Parallel  to  the  Equinoctial, 
and  thefe  are  defended  by  the  Apparent  Diurnal 
Motions  of  the  two  Poles  of  the  Ecliptick  round 
the  Poles  of  the  Equinoctial,  from  which  they  are 
diftant  23 \  Degrees.  They  are  called  the  two 
Polar  Circles;  this  in  the  Northern  Sphere  is  named 
the  Arclicl ^  Circle,  from  the  two  Bears  which  lye 
near  it  ;  the  other  Circle  on  the  South  is  called  the 
Antarctic^ or  Circle  oppofite  to  the  Arttick. 

I  F  thro’  the  Poles  of  the  World,  or  of  the  Equi- 
noCfial,  there  be  conceived  innumerable  great 
Circles  to  be  drawn,  they  are  called  Secon- 
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Ledture  daries  of  the  Equinoctial,  by  the  help  of  which 
XVIII.  the  Pofltion  of  every  Point  of  the  Heavens,  in  re- 
gard  to  the  Equinodtial,  is  determined,  as  before 
they  were  determined  by  the  Secondaries  of  the 
Ecliptick  in  regard  to  the  Ecliptick  :  And  the  right 
TbeRigbt  Afcenfion  of  a  Star  or  Point  in  the  Heavens  is  an 
Afcenfion  of  Arch  of  the  Equinoctial,  between  the  beginning 
of  Aries  and  the  Point  where  the  Secondary  pal¬ 
ling  thro’  the  Star  cuts  the  Equinoctial.  The  De¬ 
clination  of  a  Star  or  Point  is  the  Arch  of  the  Se¬ 
condary  intercepted  between  the  Star  and  the  E- 
quinoctial,  which  is  likewife  as  the  Latitude  either 
North  or  South ,  as  the  Star  declines  towards 
the  North  or  South  Pole :  From  hence  thefe  Secon¬ 
daries  are  called  Circles  of  Declination.  And  the 
two  chief  of  them  are  the  two  Colures,  one  of 
which  palling  thro’  the  two  Equinoctial  Interfe¬ 
re  two  (Tions  is  called  the  Equinoctial  Colure ;  and  the 
other,  which  cuts  the  former  at  right  Angles  and 
paffes  thro*  the  Poles  of  the  Ecliptick,  is  called  the 
Solflitial  Colure,  becaufe  it  interfects  the  Ecliptick 
in  the  Points  which  are  at  the  greateft  diflance 
from  the  Equator ;  to  which  when  the  Sun  comes, 
he  does  not  fenfibly  for  fome  Days  change  his 
Declination,  but  feems  to  ftand  without  approach¬ 
ing  to,  or  receding  from  the  Equinoctial,  and 
therefore  thefe  Points  are  called  Solftices. 

THAT  Circle  which  is  on  the  Surface  of  the 
Earth  exactly  in  the  middle  between  the  two  Poles 
is  the  Eart/fs  Equator,  and  by  the  production  of 
it  we  (lie wed  that  the  Celeflial  Equinoctial  was 
formedi  And  as  the  places  of  all  the  Stars  in  the 
Heavens  are  determined  by  their  Longitude  and 
Latitude  in  regard  to  the  Ecliptick  and  its  Secon¬ 
daries  ;  fo  by  the  Terreftial  Equator  and  its  Se¬ 
condaries  draven  thro’  the  Poles  of  the  Earth,  the 
Polition  of  Cities  and  Places  upon  the  Surface  of 
the  Earth  are  determined  according  to  Longitude 
3.  and  Latitude.  A  Secondary  of  the  Equator  palling 
gitudes  and.  thro*  any  place  on  the  Earth’s  Surface  is  called  the 
Meridian  of  that  place  ;  becaufe,  that  when  by 
the  Rotation  of  the  Earth  round  its  Axis  the  Plane 
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of  that  Meridian  comes  to  pafs  thro’  the  Sun,  then  Ledture 
the  Inhabitants  under  this  Meridian  have  Mid-  XVIII. 
day.  The  Longitude  of  any  City  or  Place  is  an 
Arch  of  the  Equator  intercepted  between  a  certain 
Point  where  fome  fixed  Meridian  paffes,  which  is 
called  the  firft  Meridian,  and  the  Meridian  of  the 
Place.  The  Antient  Geographers  made  the  firft 
Meridian  pafs  thro’  fome  known  place  which  was 
as  far  PVeJlward  as  they  knew,  and  from  thence 
they  reckoned  the  Longitude  of  all  places  conftrant- 
ly  Eafivoard :  But  fince  by  Navigation  it  has  been 
difeovered,  that  there  is  no  place  in  the  Earth  that 
can  be  efteemed  the  moft  VPeftcrly,  fo  that  there  is 
not  another  more  EEeflvoard  beyond  it,  this  way 
of  computing  the  Longitude  from  a  firft  Meridian 
hath  been  generally  layed  afide,  and  now  each 
Geographer  determines  the  Longitudes  of  places  in 
regard  to  the  Longitude  of  the  chief  City  of  the 
Country  where  he  dwells.  The  Latitude  of  a 
Place  is  an  Arch  of  the  Meridian  of  that  place  in¬ 
tercepted  between  the  Place  and  the  Equator,  and 
is  either  North  or  South ,  as  the  place  lyes  on  the 
North  or  South  fide  of  the  Equator. 

OF  the  Inhabitants  of  the  Earth  compared  with 
one  another,  in  regard  to  their  Meridians  and  Pa¬ 
rallels,  fome  are  called  Pericecl ,  that  live  under  the  **’ePenoecj* 
fame  Parallel,  but  in  the  oppofite  Semicircles  of  the 
fame  Meridian;  both  of  them  have  the  Seafons  of 
the  Year  the  fame,  the  Sun  by  its  Annual  Appa* 
rent  Motion  coming  to  or  receding  from  the  Ver¬ 
tex  of  both  Places  at  the  fame  time  of  the  Year  ; 
but  they  change  their  turns  of  Night  and  Day,  fo 
that  when  it  is  Midday  to  the  one,  it  is  Midnighr 
to  the  other.  Others  again  are  called  Antceci ,  Z^eAntaci* 
whofe  Habitations  lye  in  the  fame  Semicircle  of  the 
Meridian,  but  in  oppolite  Parallels,  and  both  of 
them  have  Midday  and  Midnight  at  the  fame  in- 
ftant  of  time;  but  the  Sealons  of  the  Year  are  dif¬ 
ferent,  it  being  Summer  to  one  when  it  is  Winter  .^  ,  . 
to  the  other.  Laftly,  there  are  the  Antipodes,^/ 
whole  Habitations  being  fituated  in  both  oppolite 
Parallels  and  oppafibe  Meridians,  have  their  Feet 
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Ledure  diredly  oppofite  to  one  another  in  a  Line  pafiuh'g 
XVIII.  thro’  the  Center  of  the  Earthy  and  they  have  not 
only  their  Days  and  Nights  direcShly  contrary,  but 
alfo  the  Seafons  of  the  Year  :  When  it  is  Summer 
in  the  one,  it  is  Winter  in  the  other  place,  and 
when  Midday  in  the  firft,  the  fecond  reckons 
Midnight. 

THE  four  Jefler  Circles  in  theSurface  of  iheEarth’s 
,  the  five  Globe,  which  lye  diredly  under  the  Circles  of  the 
Zones.  fame  name  in  the  Heavens,  vi%,  the  two  Tropickj 
and  Polars,  divide  the  Earth  into  five  Portions 
which  are  called  %ones;  of  which  the  Torrid  is 
that  which  is  bounded  on  each  fide  by  a  Tropic 4, 
and  was  believed  by  the  Antients  to  be  not  Habi¬ 
table  by  reafon  of  the  violent  Heats:  But  our  Mo¬ 
dern  Travellers  and  Voyagers  have  difcover’d  this 
Trad  of  the  Earth's  Surface  to  be  the  moft  fruit¬ 
ful  and  delightful  of  all,  abounding  not  only  with 
the  things  that  are  neceffary,  but  fuch  likewife  as 
conduce  to  the  fatisfadion  and  pleafure  of  Life  • 
upon  which  account  it  is  very  well  ftored  .with 
Inhabitants.  There  are  two  cold  %ones  which  the 
Polar  Circles  comprehend  j  in  the  middle  of  the 
one  lyes  the  Arctic!^  Poley  of  the  other  the  Antar¬ 
ctic!^  and  in  them  the  cold  is  fo  excefiive  that  they 
are  Icarcely  habitable.  Befides  thefe,  between  the 
Frigid  and  the  Torrid  Zpne,  on  each  hand  lye  the 
two  Temperate  ones,  that  on  the  North  is  pofiefled 
by  us,  the  other  our  Antipodes  keep.  Virgil  ele¬ 
gantly  defcribes  thele  five  %ones. 

Quinq;  tenent  Calum  Zona?,  quarum  una  corufco 
Semper  Sole  ruhens  &  Torrida  femper  ah  igne  ; 
Quam  circum  extremes  dextra  lcevaqy  trahuntur ■ 
Ccerulea  glacie  concert <e  atq\  imbribus  atris . 

Has  inter  mediamq ;  du<e  more  a  li  bus  cegrts 
Munere  concejfx  Divum. 

THE  Inhabitants  of  the  Torrid  %one  are  called 
The  Am m'dMpbifcii,  having  their  Meridian  Shadows  at  dif- 
phifcij.  ferent  times  of  the  Year  projeded  towards  both  Poles; 

but  when  the  Sun  comes  to  be  Vertical  to  them, 

then 
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then  they  have  no  fhadow,  and  are  Afcii  or  Sha-  Ledlure 
dowlefs,nothingthatilands  perpendicularly  upwards  XVIII. 
having  a  Shadow  at  Noon.  We  who  live  in  the 
Temperate  Zones  may  be  named  Hetroceii ,  having  The  Afcii. 
our  Meridian  fhadow  projected  only  towards  on ePoJe 
thro’out  the  whole  Year.  But  the  miferable  Peo- 
pie  of  the  two  Frigid  %ones  are  called  Perifcii ,  be-  ePcn  Cl1* 
caule  the  Sun  not  fetting  upon  them,  their  Shadow 
turns  quite  round  in  the  Space  of  twenty  four 
Hours. 

THE  two  Circles  which  we  conceive  to  be 
immoveable,  and  determined  by  their  refpedt  to 
the  Spectator,  are  the  Horizon  and  Meridian.  The 
Horizon  is  that  great  Circle  which  any  one  when 
he  is  placed  in  a  large  extended  Plane,  or  in  the 
open  Sea  obferves,  terminating  or  bounding  his 
Sight  every  where  round  him,  by  which  the  vilir 
ble  Heaven  is  diftinguilhed  and  feparated  from 
the  invilible.  This  Horizon  being  difeovered  by 
our  Senfes  is  called  the  fenfible  Hmi^on,  from 
which  the  Rational  Horizon  Parallel  to  it  is  di-  T^eUor^ 
Rant  by  the  Semidiameter  of  the  Earth,  through  Zryn  fenftble 
whole  Center  it  paffes  :  For  the  Aflronomers  reduce  and  Ratio- 
the  Appearances  of  the  Heavens  to  a  Spherical  nal' 
Surface,  which  is  not  concentrical  to  the  Eye  but 
to  the  Earth. 

’TIS  true,  thefe  two  Horizons,  produced  to  the 
fixed  Stars ,  will  appear  to  coincide  into  one,  fince 
the  Earth  compared  to  the  Sphere  in  which  the 
fixed  Stars  appear  is  but  a  Point ;  and  therefore 
the  two  Circles  which  are  but  a  Point  diftant 
from  each  other,  may  be  well  confidered  as  coinr 
ciding  into  one.  There  are  two  Poles  of  the  Ho* 
ri^on,  the  one  is  the  Point  of  the  Heavens  which 
is  direvTly  over  the  Head  of  the  Spectator,  and  is 
called  the  Zen'lt^>  the  other  directly  oppolite  under  renuhand 
his  Feet  is  named  the  Nadir ?  and  innumerable  ,Nai<1,rY 

%  r  n  i  i  r,  .  roles  of  tbe 

Circles  drawn  thro  thele  Poles  to  the  Horizon  are  Horizon. 
Filed  Vertical  Circles  or  Azimuths.  Among  them 
there  are  two  particularly  remarkable,  one  of 
which  is  the  Meridian,  and  the  other  is  the  Prime 
Vertical  j  the  firft  paffes  thro’  the  Poles  of  the  E- 

#  P  5  quator. 
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Ledfcure  quator  a|id  the  Zenith,  and  cuts  the  Horizon  in 
XVIII*  the  Points  of  North  and  South: ;  the  other  palling 
thro1  the  T^enith  cuts  the  former  at  right  Angles, 
and  marks  upon  the  Horizon  the  Points  of  Eafi 
7]fo?  verti- and  Weft.  Thefe  Circles  divide  the  Horizon,  at 
°r  cir  ^if  Interfedlions  with  it,  into  four  Quarters,  each 
r"  of  which  is  again  fubdivided  into  eight  Parts,  and 
confequently  the  whole  Horizon  is  divided  into 
Thirty  two  Parts,  which  are  called  the  Rjiumbs  or 
Points  of  the  Compafs. 

The  Aiti -  THE  Altitude  or  Depreffion  of  any  Star ,  is  an 
tilde  or  De-  Arch  of  the  Vertical  intercepted  between  the  Ho- 
%i‘°n°fartvn  and  the  Star. 

AGAIN,  the  Azimuth  of  a  Star  is  an  Arch  of 
the  Horizon,  intercepted  between  the  Points  of 
North  and  South  and  the  Point  where  the  Verti¬ 
cal  paiTing  thro’  the  Star  cuts  the  Horizon,  and  is 
either  Eaflerly  or  Wefterly.  The  riling  or  fetting 
Amplitude  of  a  Star  is  an  Arch  of  the  Horizon  in¬ 
tercepted  between  the  points  where  the  Star  rifeth 
or  ferteth  and  the  points  of  Baft  and  fVeJi  •  and 
ttrke.  Am'  this  Amplitude  is  either  North  or  South ,  according 
as  the  Star  at  riling  or  fetting  is  to  the  North  or 
South  of  thofe  Points* 

AS  in  the  Horizon  all  the  Stars  firft  appear  and  dis¬ 
appear,  fo  in  the  Meridian  Circle  they  all  arife  to 
their  greateft  height  or  Altitude,  where  they  are  faid 
The  Cul-to  Culminate:  fo  likewife  they  are  at  their  greateft 
piination.  depreiuon  below  the  Horizon  when  they  arrive  at 
the  fame  Meridian.  Now  fince  the  Meridian 
makes  Right  Angles  both  with  the  Equator  and 
Horizon,  it  will  divide  the  Segments  of  the  Equator 
and  all  its  Parallels,  as  well  thofe  that  lye  above  the 
Horizon  as  thofe  which  are  below  it,  into  equal  Por¬ 
tions  ;  and  therefore  the  time  between  the  riling  of  a 
Strand  irs  Culmination  or  arrival  at  the  Meridian, 
will  be  equal  to  the  time  between  this  Culmination 
and  its  fetting  ;  and  becaufe  the  Sun  every  Day  de- 
ierihes  fome  Parallel  by  its  apparent  Diurnal  Motion, 
when  the  Sun  comes'  to  the  Meridian  at  any  time 
it  will  be  then  Midday,  and  Midnight  when  he 
arrives  at  the  fame  Meridian  below’  the  Horizon, 
from  thence  this  Circle  its  Name.  The 

Nintkyh 
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Nintieth  or  Nonagefimal  Degree  is  that  Point  of  the  Lecture 
Ecliptick  which  is  90  Degrees  diftant  from  the  In-  XVIII. 
terfedtions  of  the  Horizon  and  Ecliptick,  and  the 
Altitude  of  this  Point  is  the  mealure  of  the  An¬ 
gle  of  the  Horizon  and  Ecliptick.  The  Medium 
Cceli  or  Midhaven,  is  that  Point  of  the  Ecliptick 
which  culminates,  or  is  in  the  Meridian.  In  the 
Afcending  Signs  from  v?  to  the  Nonagefimal 
Degree  is  to  the  Eafi  of  the  Meridian,  but  in  the 
Defending  Signs  from  to  yp,  the  Nonagejimal 
lyes  tVeftward  of  the  Meridian. 

ALT H  O’  we  have  here  conlidered  the  Horizon 
and  Meridian  as  immoveable  Circles,  taking  the  r;dian  tru* 
Apparent  Motion  of  the  Heavens  as  real  ;  yet  if  we  !y.  moveable 
fpeak  according  to  truth  and  the  nature  of  things, 
the  Horizon  and  Meridian  are  the  only  moveable 
Circles,  and  the  Sun  or  a  Star  rifes  not  when  it  af- 
cends,  but  when  the  Plane  of  the  Horizon  cefcends 
below  it,  fo  that  the  Star  or  Sun  becomes  vilible. 

So  likewife  the  Stars  let  not  by  their  own  Motion 
or  going  down  under  the  Horizon,  but  by  the 
Horizons  afcending  and  getting  above  them; 
which  Motion  of  the  Horizon  arifeth  from  the  Ro¬ 
tation  of  the  Earth.  So  alfo  the  Sun  or  Stars  ar¬ 
rive  at  the  Meridian  when  the  Plane  ol  the  Meri¬ 
dian  of  any  place,  having  an  Angular  Motion 
round  the  Axis  of  the  Earth,  comes  to  pafs  thro” 
the  Bodies  of  the  Sun  or  Stars. 

SINCE  every  Meridian  linifhes  its  circulation  ^ 
round  the  Axis,  or  360  Degrees  in  Twenty  four  verfaiMtr£ 
Hours,  it  mult  each  Hour  have  an  Angular  Mo-dian. 
tion  of  15  Degrees,  which  is  the  Twenty  fourth 
Part  of  360  ;  and  therefore  if  we  conceive  a  Cir¬ 
cle  palling  thro’  the  Poles,  which  makes  an  Angle 
of  15  Degrees  with  the  IJniverfal  Meridian  pal¬ 
ling  thro’  the  Sun ,  when  by  the  Earth's  Rotation 
the  Plane  of  the  Meridian  of  any  Place  comes  to 
the  Plane  of  this  Circle  after  it  has  palled  the 
Univerfal  Meridian,  then  the  Inhabitants  in  that 
Meridian  will  reckon  one  Hour  after  Midday,  and 
therefore  that  Circle  is  called  the  Circle  of  the  fir  ft 
Hour.  In  like  manner,  if  another  Circle  be  con¬ 
ceived  cutting  t^e  Epinodtird  in  the  Thirtieth 
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Lecture  Degree  from  the  Univerfal  Meridian,  this  will  be 
XVIII.  the  Circle  of  the  fecond  Hour;  and  when  the 
Plane  of  the  Meridian  of  the  Place  comes  to  co¬ 
incide  with  it,  it  will  be  in  that  Place  two  of  the 
Clock  in  the  Afternoon.  After  the  fame  manner, 
if  thro*  the  Poles  and  every  1 5  Degrees  of  the  £- 
quator  we  conceive  Circles  to  pafs,  they  are  called 
The  Ho  ^orar-y  Circles,  and  they  will  divide  the  Equi- 
raiy  circles,  no&ial  into  Twenty  four  equal  parts,  and  each 
of  them  in  its  order  will  determine  the  Hour 
that  is  to  be  reckoned  in  a  Place,  when  the 
Plane  of  the  Meridian  of  that  Place  comes  to  co¬ 
incide  with  that  Circle.  So  for  Example,  when 
the  Meridian  of  the  Place  comes  to  the  Circle 
which  makes  75  Degrees  with  the  Univerfal  Me¬ 
ridian,  the  Hour  then  counted  in  that  place  will 
be  the  fifth  from  Noon.  But  when  the  Meridian 
of  the  Place  makes  an  Angle  of  90  Degrees  with 
the  Meridian  palling  thro’  the  Sun ,  then  it  will  be 
the  fixth  Hour.  But  on  the  other  hand,  if  we 
fhould  imagine  the  Meridian  of  the  Place  to  be 
immoveable,  and  that  a  Circle  palling  thro*  the 
Poles  and  the  Sun  fhould  together  with  the  Sun 
turn  round  the  Axis,  as  it  appears  to  do;  when 
the  Plane  of  this  Circle  in  which  the  Sun  refides 
coincides  with  a  Circle  that  makes  an  Angle  of 
15  Degrees  with  the  Meridian  of  the  Place  FPeJl- 
voard,  it  is  then  the  fir  ft  Hour  after  Midday;  and 
the  Circle  with  which  the  Circle  palling  thro’  the 
Sun  and  Poles  docs  then  coincide,  is  called  the 
Circle  of  the  fir fb  Hour  :  The  next  Circle  to  this, 
which  makes  an  Angle  of  30  Degrees  with  the 
Meridian  of  the  Place,  is  the  Horary  Circle  for 
Two  of  the  Clock,  and  that  which  makes  an  An¬ 
gle  of  45  Degrees  with  the  Meridian  of  the 
Place,  is  the  Horary  Circle  for  Three  of  the  Clock 
&c. 

I  N  any  Place  of  the  Terraqueous  Globe  the 
Height  of  the  Pole  above  the  Horizon  is  equal 
to  the  Latitude  of  the  Place.  Let  the  Circle 
HZQ.be  the  Meridian,  H  O  the  Horizon,  JEC(\ 
die  Equator*  Z  the  %enith9  and  P  the '  Pole :  the 

pleyation 
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Elevation  of  the  Pole,  or  its  Diftance  from  the  Ho-  Ledlure 
ri^on,  is  the  Arch  P  O,  the  Latitude  of  the  Place  XVIII. 
or  its  diftance  fronts  the  Equator  is  Z  And 
bccaufe  the  Arch  P  JE  between  the  Pole  and  the 
Equator  is  a  Quadrant,  or  fourth  Part  of  a  Circle,  The  height 
and  the  Arch  ZO  from  the  Z^enith  to  the  Hori -°f  tbe  Pole 
%on  is  likewife  a  Quadrant,  thefe  two  Arches  ZA£ Horizon*/* 
and  P  O  muft  be  equal.  Take  away  the  Arch  Z  P  always  e- 
which  is  common  to  both,  and  there  will  remain  dual  todtbef 
the  Arch  ZfE  equal  to  the  Arch  P  O,  that  is,  the  the  Place? 
Latitude  of  the  Place  is  equal  to  rhe  Altitude  or 
height  of  the  Pole  above  the  Horizon. 

HENCE  we  have  a  Method  of  meafuring 
the  Circumference  of  the  whole  Earth,  and  of 
knowing  how  many  Miles  it  is  round  the  Earth ; 

For  if  we  go  diredtly  Northward  till  the  Pole  be 
Elevated  one  Degree  higher,  and  then  if  we 
meafure  the  length  of  the  w7ay  wc  have  gone 
Northward ,  and  have  the  number  of  Allies  it  con¬ 
tains,  we  (hall  have  the  number  of  Miles  in  a 
Degree  of  a  great  Circle  of  the  Earth's  Globe; 
and  this  number  multiplied  by  36c,  the  Degrees 
in  the  whole  Periphery,  it  will  give  the  length 
of  the  Circumference  of  the  Earth  in  Miles.  By 
the  111  oft  accurate  Obfervarions,  the  Length  of  a 
Degree  is  found  to  be  69  Englifti  Allies,  which 
Was  commonly  reputed  to  be  only  6^  Miles. 
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LECTURE  XIX. 

Of  the  Doctrine  of  the  Sphere. 


The  Right  Ell 


Pofition  “e/ 


H  E  Angle  contained  between  the 
Eq  uator  and  the  Horizon,  is  mea- 
fur’d  by  the  Arch  of  the  Meridian 
JE  H,  which  is  the  Complement  of 
the  Latitude  to  a  Quadrant.  And 
therefore  if  that  Angle  be  right,  the  Latitude  of 
the  place  will  be  nothing,  or  the  place  will  be  in 
the  Equator ;  or  the  Equinoctial  Circle  will  pafs 
thro’  the  Vertex  of  the  place,  and  all  the  Parallels 
of  the  Equator  will  be  perpendicular  to  the  Ho¬ 
rizon  ;  And  therefore  this  Pofition  of  the  Sphere  is 
call’d  a  Right  Pofition ,  in  which  all  thefe  Parallels 
are  cut  by  the  Horizon  into  equal  Portions,  whence 
the  Stars  are  as  long  above  the  Horizon  as  they  lye 
hid  under  it :  Here  likewife  the  Poles  lye  in  the 
Horizon  without  any  Elevation,  as  is  manifeft  by 
the  Figure,  where  the  Point  of  the  EquinoCiial  M 
is  in  the  Vertex,  and  the  Poles  P,  p  in  the  Hori- 
Platc  xvi.  zon.  If  we  go  from  the  Equator  towards  either 
Fig*  5*  of  the  Poles,  the  Equator  will  then  appear  to  de¬ 
part  from  the  Vertex  or  Zenith,  and  to  come 
nearer  to  the  Horizon,  making  with  it  an  oblique 
An  oblique  Angle;  whence  fuch  a  Situation  is  called  an  oblique 
Sphere;  or  pofition  of  the  Sphere ,  and  the  Pole  towards  which 
Pofition  of we  move  doth  rile  more  and  more  above  the 
the  Sphere.  Horizon  the  nearer  we  approach  it.  Its  Eleva¬ 
tion  being  always  equal  to  the  Latitude  of  the 
Place,  while  the  other  continues  as  much  depref- 
fed  below'  it.  The  Figure  does  clearly  fliew  this 
fort  of  Pofition  which  we  and  all  that  live  in  the 
temperate  Zones  obtain,  where  the  Equator  JE  Q 
is  bife&ed  by  the  Horizon,  as  it  is  in  a  right 
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Sphere ;  wherefore  when  the  Sun,  by  his  apparent  Ledlure 
Diurnal  Motion,  defcribes  this  Circle,  it  makes  XIX. 
the  Day  equal  to  the  Night :  But  the  Parallels  of 
the  Equator,  in  this  Oblique  Pofition  are  not  cut 
into  two  equal  Parts  by  the  Horizon  ;  but  thofe 
which  are  towards  the  elevated  Pole,  each  of  them 
have  a  greater  Portion  above  than  under  the  Ho¬ 
rizon  :  And  as  each  Parallel  is  nearer  the  Pole,  fo 
much  the  larger  Portion  of  it  (lands  above  the 
Horizon.  But  when  the  diftance  of  the  Parallel 
from  the  Pole  becomes  lefs  than  the  Elevation  of 
the  Pole  or  the  Latitude  of  the  Place,  then  that 
Parallel,  and  all  thofe  included  within  it,  are 
wholly  above  the  Horizon,  no  part  of  them  ever 
fetting  under  it.  The  contrary  happens  in  the  Pa¬ 
rallels  which  lye  towards  the  deprefs’d  Pole,  a 
fmaller  Portion  of  them  being  above  the  Horizon, 
and  the  greater  part  lying  under  it.  And  thofe 
Parallels  which  are  nearer  to  the  depreffed  Pole 
than  the  Latitude  of  the  Place,  remain  perpetually, 
together  with  the  Stars  included  within  them,  un¬ 
der  the  Horizon,  and  are  never  viable  to  us. 

Hence  it  is  neceftary,  lince  the  Sun  each  Day  de¬ 
fcribes  by  his  apparent  Diurnal  Motion  fome  Pa¬ 
rallel,  that  from  the  Vernal  Equinox  to  the  Sum¬ 
mer  Soiftice,  the  Days  growing  longer  and  longer, 
will  be  continually  longer  than  the  Nights  ;  After 
the  Soiftice,  tho’  the  Days  continue  till  the  Autumnal 
Equinox  to  be  longer  than  the  Nights,  yet  they 
become  fhorter  and  fhorter,  and .  at  the  Equinox 
they  but  juft  equal  the  Nights  :  From  thence  to  the 
Winter  Soiftice  the  Days  continually  become  Ihor-. 
ter  than  the  Nights,  and  are  the  (horceft  when  the 
Sun  is  in  that  Soiftice  ;  but  as  the  Sun  leaves  it 
they  increafe  again,  and  in  the  Vernal  Equinox 
the  Day  is  as  long  as  the  Night. 

I  N  an  Oblique  Sphere  the  Stars  all  obliquely  rife 
and  fet.  And  as  the  Right- A feenfio n  of  a  Star  is 
the  Arch  of  the  Equator  contained  between  the 
ftrft  of  Aries  and  that  Point  which  comes  ro  the 
Meridian  with  the  Star,  or  that  Point  which  in  a 
Right  Sphere  riles  with  the  Star.  So  the  Oblique 
V-  Afcen* 
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Lecture  Afcenfion  is  the  Arch  of  the  Equator  between  the 
XIX.  firft  of  Aries  and  that  Point  of  the  Equator  which 
rifes  together  with  the  Star  in  an  Oblique  Sphere, 
and  numbered  from  PPeJl  to  Eafi ,  which  according 
to  the  Obliquity  of  the  Sphere  is  various.  The 
Difference  between  the  Right  and  the  oblique  Af¬ 
cenfion  is  called  the  Afcenfional  Difference. 

I N  an  Oblique  Sphere  there  is  one  Parallel  as 
much  diftant  from  the  elevated  Pole,  as  the  Place 
is  from  the  Equator,  which  is  called  the  Circle  of 
Perpetual  Apparition ,  or  the  biggeft  of  all  thofe 
which  conftantly  appear,  which  is  fuch,  that  all 
Stars  inclofed  within  it  never  either  rife  or  fett ; 
tho*  they  fometimes  rife  higher,  fometimes  defcend 
lower  towards  the  Horizon.  Towards  the  other 
Pole  there  is  another  Circle  oppofite  to  this,  which 
is  the  Circle  of  Perpetual  Occult  at  ion ,  within  which 
all  the  Stars  that  are  contained  never  rife,  but 
conftantly  lye  hid  under  the  Horizon,  and  fo  are 
not  to  be  feen. 

IF  the  Equator  makes  no  Angle  with  the  HorU 
zon,  but  thofe  two  Circles  coincide ;  In  fuch  a 
Situation  the  Pole  and  Vertex  coincide,  and  ail 
the  Parallels  of  the  Equator  become  Parallels  to 
A  Parallel  the  Horizon  ;  And  fuch  a  Situation  is  call'd  a  Pa- 
Sphere.  rnpei  sphere,  in  which  no  fixed  Scars  do  ever  ei¬ 
ther  rife  or  fetr,  but  turn  round  in  Circles  Paral- 
XVI‘lelto  the  Horizon.  And  when  the  Sun  enters 
the  Equinctftial,  it  then  glides  the  whole  Day 
along  the  Horizon.  When  he  rifes  towards  the 
elevated  Pole  he  never  fetts,  but  makes  a  very 
long  Day  of  fix  Months :  But  when  he  goes  from 
the  Equinoctial  towards  the  deprefled  Pole,  he 
never  rifes,  and  then  there  is  a  conftant  Night  of 
fix  Months  length.  This  Polition  of  the  Sphere 
belongs  only  to  them  who  live  at  the  Pole,  if  any 
are  fo  miferable  as  to  have  fuch  a  place  for  their 
Habitation. 

climates  THE  ancient  Geographers  divided  the  Earth  by 
and  Yawl-  Climates  and  Parallels ;  for  they  who  live  under 
the  Equinodfial,  being  in  a  Right  Sphere ,  have 
their  Days  and  Nights  equal  :  If  we  remove  from 

thence 
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thence  towards  either  Pole,  the  Days  in  Summer  Lecture 
become  longer  than  the  Nights,  and  the  nearer  we  XIX. 
approach  the  Pole,  the  greater  is  the  Difference 
between  Day  and  Night,  when  the  Day  is  at  the 
longeft  $  till  we  come  under  the  Polar  Circles, 
where  there  is  no  Night  at  all.  Hence  the  Geo¬ 
graphers  did  fo  divide  the  Earth  by  fuch  Parallels 
as  made  the  longeft  Day  encreafe  by  quarters  of 
an  Hour  ;  that  is,  each  Parallel  was  fo  far  diftant 
from  the  next,  that  the  longeft  Day  in  the  more 
remote  from  the  Equator,  was  a  quarter  of  an 
Hour  longer  than  that  Day  at  the  Parallel  nearer 
to  the  Equator ;  And  therefore  reckoning  the  E- 
quator  as  the  firft  Parallel,  the  fecond  Parallel 
pa(fed  thro’  thofe  Parts  of  the  Earth,  where  the 
longeft  Day  was  twelve  Hours  and  a  quarter  long. 

Under  the  third  Parallel  the  longelt  Day  was 
twelve  Hours  and  two  Quarters.  In  the  fourth, 
the  longeft  Day  was  twelve  Hours  and  three  quar¬ 
ters,  0c.  Now  two  fuch  Parallels  made  up  a 
Climate,  which  were  therefore  diftinguifhed  by  the 
longeft  Day  encrealing  half  an  Hour  from  the  one 
to  the  other.  Now  the  Excefs  of  the  Solftitiai 
Day  above  twelve  Hours  may  grow  ftill  bigger, 
till  we  come  to  the  Polar  Circle,  where  the  Sun 
not  fetting  makes  the  Day  twenty -four  Hours 
long,  which  is  greater  than  the  Equinodlial  Day 
of  twelve  Hours  by  twenty-four  half  Hours,  or 
forty-eight  quarters  of  an  Hour.  From  hence  we 
gather  that  the  number  of  Climates  between  the 
Equator  and  Polar  Circle  muft  be  twenty-four, 
and  the  number  of  the  Parallels  forty-eight. 

Becaufe  the  Civil  Year  of  the  Antients  did  not  The  rifing 
keep  pace  or  agree  with  the  apparent  annual  a0fdth{ets[l^fs 
Motion  of  the  Sun  ;  having  the  Day  of  the  Month,  cofmicai , 
and  the  Year  when  any  memorable  A&ion  fell  Acronycaf, , 
out,  it  cou!d  not  be  from  thence  immediately  ar‘f  /i;  ' 
known  in  what  Seafon  of  the  Year  it  was  done. 

And  therefore  when  the  Husbandmen  fettled  the 
Times  for  the  feveral  diftincft  parts  of  their  Bu- 
finefs,  they  could  not  point  out  that  Time  by 
a  certain  Day  of  their  Kjlendar  9  for  the  fame 

Day 
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TeCIure  Day  of  the  Month  was  not  always  in  the  famd 
XIX.-  Seafon  of  the  Year,  but  it  was  neceflary  to  have 
more  certain  Characters  and  marks  to  diftinguifh 
Times ;  and  therefore  the  Writers  of  Husbandry, 
Hiftorians  and  Poets  had  recourfe  to  the  rifings 
and  fettings  of  the  Stars,  by  them  to  mark  out 
the  Times.  And  of  thefe  rifings  and  fettings  they 
reckoned  three  forts  vi%.  The  Cofmical ,  Acronichal 
and  Heliacal.  A  Star  is  faid  to  rife  or  fett  Cofmi -» 
catty  which  rifes  or  fetts  when  the  Sun  rifes;  fo  that  a 
Star  which  rifes  or  fetts  in  the  Morning  rifes  or 
fetts  Cofrnically.  A  Star  rifes  Acronychally  when  it 
rifes  while  the  Sun  fetts,  that  is  in  the  Evening 
when  it  is  in  Oppofition  to  the  Sun ,  and  is  via¬ 
ble  all  Night. 

A  Star  rifes  Heliacally,  when  after  it  has  been  in 
Conjunction  with  the  Sun ,  and  on  that  account 
invisible,  it  comes  to  be  at  fuch  a  diftance  from 
him,  as  to  be  feen  in  the  Morning  before  Sun 
riling,  when  the  Sun  by  his  Apparent  Motion  re^ 
cedes  from  the  Star  towards  the  Eafi.  But  the 
Heliacal  fetting  is  when  the  Sun  approaches  fo 
near  a  Star  that  it  hides  it  with  his  Beams,  which 
keep  the  fainter  light  of  the  Star  from  being  per¬ 
ceived.  And  therefore  the  Heliacal  riling  and  fet¬ 
ting  is  rather  an  Apparition  and  Occultation  than 
a  riling  and  fetting. 

ALL  the  fixed  Stars  in  the  % odiacl as  like® 
wife  the  Superiour  Planets  Mars ,  Jupter  dnd  Sa¬ 
turn  rife  Heliacally  in  the  Morning  a  little  before 
Sun  riling,  and  a  few  Days  after  they  have  fett 
Cofrnically  ;  becaufe  the  Sun  in  his  Apparent  Mo¬ 
tion  gets  before  them,  moving  fafter  Eajlward :  But 
they  let  Heliacally  in  the  Evening  a  little  before 
their  Acronychal  fetting.  But  the  Moon  whole 
Motion  Eaftvoard  is  always  quicker  than  the  Ap¬ 
parent  Motion  of  the  Sun ,  rifes  Heliacally  in  the 
Evening,  afrer  the  new  Moon  or  the  Change,  when 
it  can  be  firft  difeovered  at  Sun  fetting ;  but  tie 
Moon  fetts  Heliacally  in  the  Morning  when  the 
Moon  is  old  and  approaching  to  a  Change.  The 
Inferiour  Planets  Venus  and  Mercury ,  which  fome- 

tijnes 
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times  feem  to  go  FVeJlward  from  the  Sun,  and  Ledhire 
fometimes  again  ha*ve  a  quicker  Motion  than  he  XIX. 
Eafivoard,  rife  Heliacnlly  in  the  Morning  when  they  Vx'‘V'NJ 
are  Retrograde  ;  but  when  they  are  diredl  in  their 
Motions  they  rile  Heliacnlly  in  the  Evening. 

F  O  R  to  obferve  the  Altitude  of  the  Sup  or  How  w 
any  Star ,  we  ufe  a  moveable  Quadrant  EAD,  with  obferve  the 
fixed  fights  A,  B,  oraTelefcope  placed  along  one  of^^  °JT 
its  fides,  and  a  Plumb  line  AC  hanging  from  its  0f  a  star. 

.  Center.  The  Quadrant  being  placed  in  a  Verti¬ 
cal  Plane  mult  be  turned  upwards  and  down¬ 
wards,  till  the  Rays  of  the  Sun ,  palling  thro*  the 
hole  of  the  firft  Sight  next  the  Center,  fail  upon 
the  hole  of  the  others  or  till  the  Sun's  Image  ap¬ 
pears  in  the  Focus  of  the  Telefcope,  and  then  Plaf.e  XVII» 
the  Quadrant  being  kept  in  this  Polition,  the  u 
Plumb  Line  or  Thread  will  lliew  the  Arch  EC 
which  meafures  the  Altitude  of  the  Sun.  For 
produce  AC  to  the  Z^enitbZs,  and  let  AH  be  an  Ho¬ 
rizontal  Line.  The  Angles  E  A  B  and  Z  A  H  are 
equal  being  both  Right;  but  the  Angles  B  AC  and 
ZAS  are  likewife  equal,  they  being  vertical  to 
each  other:  wherefore  taking  away  equal  Angles, 
there  will  remain  the  Angle  E  A  C  equal  to  the 
Angle  SAH.  But  the  Arch  EC  meafures  the  Angle 
E  A  C,  and  the  Arch  of  the  Vertical  between  the 
Sun  and  the  Horizon  meafures  the  Angle  SAH; 
and  therefore  this  Arch  or  the  Sun  s  Altitude  and 
the  Arch  E  C  are  fimilar  or  like  Arches.  But  if 
the  height  of  a  Star  be  to  be  obferved,  inftead  of 
the  Irradiation  of  Beams  as  in  the  Sun ,  we  muft 
look  thro’  both  Sights,  or  the  Telefcope  for  the 
Star ;  and  when  we  can  fo  fee  it,  then  the  Thread 
will  (hew  the  Altitude  of  the  Star.  The  Meri¬ 
dian  Altitude  of  the  Sun  or  Star  is  known  by  ob- 
ferving  when  the  Altitude  is  greateft,  for  then  the 
Sun  or  Star  attains  his  greateft  height,  being  then 
in  the  Meridian. 

THE  knowledge  of  the  Latitude  of  the  place  ** 

is  the  Foundation  of  all  s. iftronotnical  Obfervations,  a\- 

wirhout  which  we  can  know  nothin?,  and  there-  a  riace. 
fore  it  is  firft  accurately  to  be  obtained,  and  be- 

caufe 
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Lecture  caufe  we  have  (lie wed  the  Altitude  of  the 
XIX.  Pole  to  be  always  equal  to  the  Latitude,  we  can 
belt  find  our  Latitude  by  obferving  the  Poles 
height.  But  becaufe  the  Pole  is  only  a  Mathema¬ 
tical  Point,  and  no  ways  to  be  perceived  by  our 
Senfes,  we  cannot  find  its  height  by  the  fame  Me¬ 
thod  as  we  did  that  of  the  Sun  or  Stars.  And 
therefore  we  muft  take  another  way  for  finding  it. 
Tbe  in -  And  firft  we  muft  find  the  Section  of  the  Plane  of 
tbe^Meridi-  ^  Meridian  with  the  Horizon,  which  Sedhon  *is 
an  Line,  called  the  Meridian  Line.  This  is  obtained  by  e- 
redling  a  Gnomon  or  Perpendicular  upon  the  Plori - 
%on  for  to  caft  a  Shadow,  and  at  the  Foot  of  the 
Gnomon ,  at  that  Point  which  is  dire&dy  under  the 
top  Point  which  cafts  the  fhadow,  there  muft  be 
defcribed  a  Circle,  on  whofe  Circumference  the 
Shadow  of  the  top  Point  may  fall  before  Midday, 
and  that  Point  of  the  Circumference  where  the 
Shadow  comes  muft  be  carefully  marked.  Again 
after  Midday  obferve  the  Point  where  the  Shadow 
comes  again  to  the  fame  Circumference ;  and  let 
the  Arch  between  the  two  Points  of  Shadow  be 
bifedted,  or  cut  into  equal  Parts.  A  Line  drawn 
from  the  Center  to  the  Point  of  Bifedhon  will  be 
the  Meridian  Line :  For  the  Sun  before  and  after 
Midday  being  equally  high,  is  equally  diftant  from' 
the  Meridian,  or  is  in  two  Vertical  Circles  which 
make  on  each  fide  equal  Angles  with  it.  Place 
therefore  the  Quadrant  on  the  Meridian  Line,  fo 
that  its  Plane  may  be  in  the  Plane  of  the  Meridian, 
and  then  take  fome  Star  near  the  Pole  which  never 
fetts,  and  obferve  both  its  greateft  and  Ieaft  Alti¬ 
tude.  Let  the  greateft  be  S  O  and  the  leaft  s  O  ; 
the  difference  of  their  Altitudes  is  the  Arch  s  S, 
the  half  of  which  P  S  or  P  ^  dedudted  from  the 
greateft  Altitude  SO,  or  added  to  the  leaft  s  O, 
will  give  P  O  the  Altitude  of  the  Pole  above  the  Ho¬ 
rizon,  which  is  equal  to  the  Latitude  of  the  Places 
If  the  Theory  of  the  Sun  be  known  from  his  De¬ 
clination  we  may  find  out  the  Latitude  of  the  place  in 
this  manner:  Obferve  the  Meridian  diftance  of  the 
Sun  from  the  Vertex  or  Zenith,  which  is  always 

the 
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the  Complement  of  his  Altitude  ;  and  add  to  this  Ledhire 
the  Sun’s  Declination,  when  the  Place  and  he  are  XIX. 
on  the  fame  fide  of  the  Equator  j  or  fubftradt  the 
Declination  when  they  are  on  different  fides,  the 
Sum  or  Difference  is  always  equal  to  the  Lati¬ 
tude  :  But  when  the  Declination  of  the  Sun  is 
greater  than  the  Latitude  of  the  Place,  which  is 
known  from  the  Sun’s  being  nearer  to  the  Eleva¬ 
ted  Pole  than  the  Vertex  of  the  Place  is,  as  it  will 
often  happen  in  the  Torrid  Zone  ;  then  the  Diffe¬ 
rence  between  the  Sun’s  Declination  and  the  Sun’s 
Zenith  Diftance  is  the  Places  Latitude. 

HAVING  once  found  out  the  Latitude  of  ,Hov  to 
the  Place,  the  Obliquity  of  the  Ecliptick,  or  i obliquity  % 
Inclination  to  the  Equator  is  eafily  obtained,  by tbe^Eclip- 
obferving  about  the  Summer  Solftice  the  Sun’s 
Daft  Diftance  from  the  Vertex:  If  this  Diftance 
be  fubftracfted  from  the  Latitude  of  the  Place, 
when  the  Place  is  nearer  to  the  Pole  than  the  Sun 
is,  the  remainder  will  fhew  the  greateft  Declina¬ 
tion  of  the  Sun,  which  is  equal  to  the  Obliquity 
of  the  Ecliptick.  Moft  Aftronomers  make  the 
greateft  Declination  of  the  Sun,  or  the  Obliquity 
of  the  Ecliptick  to  be  23  \  Degrees ;  but  the  more 
accurate  Obfervations  of  our  Modern  Aftronomers 
fhew  it  to  be  one  Minute  lefs. 

B  Y  the  fame  Method,  the  Declination  of  the  How  to  find 
Sun  for  any  Day,  or  that  of  a  Star  may  be  taken  ; ^ 
for  when  the  Sun  or  Star  is  nearer  to  the  Equator  sun  or  Star. 
than  the  Place,  take  the  Difference  between  the 
Latitude  of  the  Place  and  the  Meridional  Di¬ 
ftance  of  the  Sun  or  Star  from  the  Vertex,  and  we 
ftiall  have  the  Declination  :  But  if  the  Vertex  of 
the  Place  lye  between  the  Sun  or  Star  and  the 
Equator,  then  the  Sum  of  thefe  two  Quantities  is 
the  Declination. 

HAVING  the  Declination  of  the  Sun,  iris  To  find  the 
eafy  to  find  his  Right  Afcenfion  and  Place  in  the ^jclnlcn^ 
Ecliptick,  by  the  Solution  of  a  Right  Angled 
Spherical  Triangle.  For  let  JE  Q.  be  the  Equator,  Plate  xvii. 
JEC  the  Ecliptick,  S  the  Sun  :  from  which  Jet  I* 
fall  on  the  Equator  a  Circle  of  Declination  S  D, 
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Lecture  and  then  the  Arch  S  D  will  be  the  Sun’s  Declina- 

•  XIX.  don.  And  therefore  in  the  Right-Angled  Tri- 
*\J  angle  £jiD  we  have  S  D  and  the  Angle  JE :  We 
can  therefore  from  thence  find  by  fpherical  Tr*- 
gonometry  the  Arch  JE  D ,  which  is  the  right 
Afcenfion  of  the  Sun,  and  JE  S,  which  gives  his 
Place  in  the  Ecliptick ;  and  likewife  the  Angle 
JESD,  the  Inclination  of  the  Circle  of  Declina¬ 
tion  or  of  the  Meridian  with  the  Ecliptick.  So 
likewife  in  the  Right-Angled  Triangle  JE  S  D,  if 
we  have  the  fide  JE  D,  which  is  the  Right  Afcen- 
fion,  the  Angle  JE  being  conftant  and  known,  we 
may  eafily  find  the  fide  S  D,  which  is  the  Decli¬ 
nation  of  the  Point  of  the  Ecliptick  S,  which 
comes  to  the  Meridian  together  with  D,  and  h 
then  call’d  the  Medium  Cceli ,  or  Mid-heaven  $  as 
alfo  the  Angle  JE  S  D  the  Inclination  of  the  Me¬ 
ridian  to  the  Ecliptick.  Or  laftly,  if  JE  S  the 
Longitude  of  the  Point  S  be  known,  we  can 
from  it  find  its  Right  Afcenfion  and  Declination, 
together  with  the  Angle  DSC,  of  the  Ecliptick 
and  Meridian. 

The  Ap*  I  F  the  Declination  of  the  Sun  by  the  Method 

thiTof^tbe we  ^ave  Viewed  be  daily  obferved,  we  can  from 
sun  in  the  thence  colled):  the  Apparent  Motion  of  the  Sun  in 
Ecliptick  is  j-fog  Ecliptick,  which  is  always  equal  to  the  Mo- 
notequa  tion  the  Earth  really  has  in  the  fame  time.  Now 
by  Obfervation  we  find  that  the  Sun  does  not 
move  equably,  or  always  with  the  fame  Velocity  in 
the  Ecliptick  :  And  therefore  the  real  Motion  of  the 
Earth  muft  be  unequal,  and  not  conftantly  the 
fame ;  in  the  Summer  Solftices  the  Earth  has  a 
flower  Motion,  in  the  Winter  time  it  moves  quick¬ 
er  :  And  this  happens,  becaufe  the  Earth  by  its 
real  Motion  is  carried  in  the  Perimeter  of  an  El- 
lip  fe,  which  has  the  Sun  in  one  of  its  Foci ;  round 
which  it  revolves  in  fuch  a  manner,  that  a  Line 
drawn  from  the  Sun  to  the  Earth,  and  by  an  An- 
i  gular  Motion  carrying  the  Earth  along  with  it, 
;||rr  doth  always  fweep  or  defcribe  Ell i prick  Areas  or 
Spaces  proportional  to  the  times  in  which  they 

are  defcribed. 
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HAVING  the  Place  of  the  Sun  in  the  Eclip-  Ledture 
tick,  by  the  help  of  ic,  and  a  good  Pendulum  Clock,  XIX. 
we  may  find  the  Right  Afcenlions  of  all  the  Stars: 

Tor  which  purpofe  the  Motion  of  the  Clock  muft  To  find 
be  fo  adjufted,  that  the  Hand  may  run  thro’  the  tbs  ~ 
twenty-four  Hours  in  the  time  that  a  Star  leaving  tbe%ars. 
the  Meridian  will  arrives  at  it  again ;  which 
Time  is  fomewhat  fhorcer  than  the  Natural  Day, 
becaufe  of  the  Space  the  Sun  moves  thro’  in  the 
mean  time  Eaftward.  The  Clock  being  thus  ad¬ 
jufted,  when  the  Sun  is  in  the  Meridian  fix  the 
Hand  to  the  Point,  from  whence  we  are  to  begin 
to  reckon  our  Time  ;  And  then  obferve  when  the 
Star  comes  to  the  Meridian,  and  mark  the  Hour 
and  Minute  that  the  Hand  then  ftievus  :  The  Hours 
and  Minutes  defcrib’d  by  the  Index  turn’d  into 
Degrees  and  Minutes  of  the  Equator,  will  give 
the  Difference  between  the  Right  Afcenfion  of  the 
Sun  and  Star-  which  Difference  being  added  to 
the  Right  Afcenlion  of  the  Sun,  will  give  the 
Right  Afcenlion  of  the  Scar.  Now  if  we  know 
the  Right  Afcenfion  of  any  one  Star,  we  may  from 
it  find  the  Right  Afcenlions  of  all  the  orders  which 
we  fee,  by  marking  the  Time  upon  the  Clock  be¬ 
tween  the  arrival  of  the  Star  whole  Right  Af¬ 
cenfion  we  know  to  the  Meridian,  and  another 
Star  whofe  Afcenfion  is  to  be  found.  This  Time 
converted  into  Hours  and  Minutes  of  the  Equator, 
will  give  the  Difference  of  Right  Afcenlions ;  from 
whence,  by  Addition,  we  collect  the  Right  Afcen¬ 
fion  of  the  Star  which  was  to  be  found  out. 

B  U  T  by  knowing  the  Right  Afcenfion  of  one  The  Right 
Star,  the  Right  Afcenlions  of  the  reft  are  eaheft 
found  by  the  following  Method  5  where  there  is  no  ing  known  ; 
meed  of  waiting  till  the  Stars  come  to  the  Meri-  from 

^  ^  ^  -'TIC  ^  to 

dian.  We  only  ufe  a  Telefcope,  in  whofe  Focus  fad  "i be 
there  are  fixed  four  Threads  extended,  two  of  Kigbt  Af- 
which  as  AB,  CD  cut  one  another  at  Right-Ari-  ^ 

gles,  and  other  two  E  F,  G  H  make  half  Right- 
Angles  with  the  former  two,  at  their  common  In- 
terfecftion  O  :  Then  the  Telefcope  is  to  be  di¬ 
rected  to  a  Star,  whofe  Right  Afcenfion  and  De¬ 
clination  are  known. 

Qi 
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Leisure  AND  then  the  Telefcope  is  to  be  coiiftantlf 
XIX.  turned  till  the  Star  be  feen  in  the  Line  A  B,  fo  as 
its  apparent  diurnal  Motion  may  be  along  that 
plate  xvii.  Line  ;  in  which  Pofition  the  Right  Line  A  B  will 
4»  reprefent  a  Portion  of  that  Parallel  Circle  the  Star 
defcribes,  it  being  in  a  parallel  to  its  Plane :  And 
becaufe  the  Line  CD  cuts  it  at  Right- Angles,  it 
will  reprefent  fome  Horary  Circle*  Fix  then 
the  Telefcope  very  firm  in  this  Situation,  and 
mark  the  Time  according  to  the  Clock,  tVh en  the 
Star,  whofe  Afcenfion  is  known,  comes  to  the 
Line  C  D.  Then  again  obferve  any  bther  Star 
with  the  Telefcope,  which  will  appear  to  move  in 
fome  Line  L  K  that  is  parallel  toAB,  and  mark 
likewife  the  time  when  it  comes'  to  the  Horary 
Circle  CD  in  Q.  The  Difference  of  Times  be¬ 
tween  the  arrival  of  the  firft  Star  to  the  horary 
Circle,  and  the  coming  of  this  laft  to  the  fame, 
converted  into  Degrees  and  Minutes  of  the  Equa¬ 
tor,  will  give  the  Difference  of  their  Right  AfCen- 
fions'.*  And  therefore  if  the  Right  Afcenfion  of 
one  of  them  be  found,  we  may  from  thence  colled: 
the  Right  Afcenfion  of  the  other. 

BECAUSE  the  Angles  QHO  and  QO  H 
are  equal,  being  each  half  a  right,  QH  will  be 
equal  to  QO.  Now  if  we  mark  the  Time  be¬ 
tween  the  coming  to  the  Thread  O  H,  and  its 
touching  the  Thread  0  Q,  we  ihall  have  the  time 
the  Star  takes  to  defcribe  the  Portion  H  Q  of 
the  Parallel.  This  Time  being  turned  into  De¬ 
grees  and  Minutes,  will  give  the  Number  of  De¬ 
grees  and  Minutes  of  the  Portion  QH.  But  the 
Arch  of  the  Horary  great  Circle  is  equal  to  this 
Arch  QH.  Now  in  unequal  Circles  the  Degrees 
and  Minutes  that  equal  Arches  contain  are  reci¬ 
procally  asthe  Radii  or  Semidiameters  of  the  Cir¬ 
cles,  as  we  (hall  fhew  hereafter.  As  the  Radius 
therefore  of  the  great  Circle  is  to  the  Radius  of 
uhe  Parallel  LK  (which  does  not  fenfibly  differ 
from  the  Radius  of  the  known  Parallel  A  BJ  that 
is,  as  the  Radius  is  to  the  Sine  of  the  Stars  di- 
ftance  from  the  Pole,  fo  the  Number  of  Degrees 

and 
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and  Minutes  jn  the  Arch  H  Q.  of  the  Parallel,  Lecture 
to  the  Number  of  Degrees  and  Minutes  in  the  XIX. 
Arch  O  Q.  of  the  great  Circle;  which  therefore 
will  be  known  by  the  Rule  of  Proportion.  But 
QO  is  the  Difference  of  the  Declinations  of  the 
Star  which  deferibes  the  Parallel  A  B  and  of  that 
which  deferibes  the  Parallel  LK;  therefore  from 
the  Declination  of  one  of  thefe  Stars  being  known, 
we  can  find  the  Dtciination  of  the  other.  And  by 
this  Method  the  Right  Afcenfions  and  Declina¬ 
tions  of  moft  Stars  may  be  obferved. 

THAT  in  unequal  Circles  the  Numbers  of 
fimilar  Parts,  as  Degrees  and  Minutes,  that  are  in 
Arches  equal  in  bignefs,  are  reciprocal  to  the  Radii 
of  the  Circles,  may  be  thus  demonftrated.  Imagine 
two  unequal  Circles  whofe  Center  is  C,  and  in 
them  equal  Arches  BE,  A  F :  Draw  from  the 
Center  C  B,  CE,  cutting  from  the  leffer  Circle 
the  Arch  AD.  The  Arches  A  D  and  B  E  \vill?^  xv  a1* 
contain  equal  Numbers  of  Degrees  and  Minutes. 

And  bccaufe  AF  and  BE  are  equal,  AD  will 
be  to  A  F  as  A  D  is  to  B  E.  But  AD  is  to  BE 
as  C  A  is  to  CB  ;  therefore  A  D  will  be  to  A  F 
as  CA  is  to  C  B.  But  A  D  is  to  A  F  as  the  Num¬ 
ber  of  Degrees  and  Minutes  in  A  D  or  in  B  E  is 
to  the  Number  of  Degrees  and  Minutes  in  A  F. 
Wherefore  the  Number  of  Degrees  and  Minutes 
in  B  E  is  to  the  Number  of  Degrees  and  Mi  nines. 

-in  A  F,  as  CA  is  to  CB.;  or  in  a  reciprocal 
Proportion  of  the  Radii  of  the  Circles.  Which, 
was  to  be  demonftrated. 

HAVING  the  Right  Afcenfion  and  Dee! in  Having  !i%' 
tion  of  a  Star,  its  Longitude  and  Latitude  may  A{f  a 
be  found  out  by  the  Solution  of  a  fpherical  T  n-  inr  and-ut 
angle.  For  imagine  B  P  Q  to  pafs  thro3  the  Poles 
of  the  Equator  and  Ecliptick  ;  this  Circle  is  the  Lpnjwtfo 
Soljlitial  Colure .  Let  M  Q  be  the  Equinoctial,  and' 

EC  the  Ecliptick,  whole  Section  with  the  Eqni-  ‘‘w'* 
noctial  is  Y,  and  let  S  be  a  Star,  thro*  which  paf- 1  are;  VV! 
fes  the  Circle  of  Declination  P  S  F,  cutting  rhe 
Equinoctial  a£  F:  The  Arch  Y  l7  is  the  Right, 
Afcenfion  of  :h.e  Star,  and  S  F  its  Declination, 

”  O  3  Draw 
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Ledture  Draw  thro’  the  Pole  of  the  Ecliptick  B  and  the 
XIX.  Star  the  Circle  of  Latitude  BSO,  meeting  with 
U'Y'vJ  the  Ecliptick  in  O  :  Then  Y  O  will  be  the  Longi¬ 
tude  of  the  Star,  and  S  O  its  Latitude.  In  the 
fpherical  Triangle  BSP,  we  have  the  fide  PS 
which  is  the  Complement  of  the  Declination,  and 
the  fide  B  P,  which  is  equal  to  the  Arch  that 
meafures  the  Inclination  of  the  Equator  and  the 
Ecliptick :  Befides  which,  we  have  the  Angle 
which  is  meafured  by  the  Arch  F  Q.  the  Comple¬ 
ment  of  the  Right  Afcenfion  ;  and  therefore  we 
have  the  Angle  BPS  its  Complement  to  two 
right  Angles.  *And  therefore  in  the  Triangle  BPS 
having  three  of  its  conftituent  Parts,  we  may  find 
firft  the  Angle  PBS,  whofe  mcafure  is  the  Arch 
O  C,  and  its  Complement  to  a  Quadrant  is  the 
Arch  Y  Q,  which  is  the  Longitude  of  the  Star. 
We  can  likewife  from  the  fame  Things  given  find 
the  Arch  B  S,  whofe  Complement  to  a  Quadrant 
is  S  Q,  the  Latitude  of  the  Star.  After  the  fame 
Method,  if  the  Longitude  and  Latitude  of  a  Star 
be  known,  we  may  from  thence  find  its  Right 
Afcenfion  and  Declination. 

By  comparing  the  Places  of  the  fixed  Stars,  as 
they  Were  deliver’d  to  11s  by  the  Antients,  with 
what  they  now  obtain,  we  find  that  their  Lati¬ 
tudes  are  much  the  fame  they  were  formerly  j--but 
their  Longitudes  or  Diftances  from  the  firft  of  Y 
have  been  found  to  encreafe  continually  :  Not  that 
the  Stars  have  a  real  progrefiive  Motion  ;  but  be- 
caufe  the  Equinoctial  Points  have  a  Motion  back¬ 
wards,  and  the  Longitudes  are  computed  from 
them.  The  Longitude  of  any  fixed  Star  obferved 
by  the  Antient  Aftronomers,  compared  with  the 
Longitude  it  has  at  prefent,  {hews  the  Quantity 
of  this  Regrefiion  of  the  Equinoctial  Points  to  be 
about  one  Degree  in  72  Years. 

B  Y  the  Method  we  have  fhewed,  the  Longi¬ 
tudes  and  Latitudes  of  the  Fixed  Stars  are  found, 
and  they  and  their  Places  are  ranked  in  a  Cata¬ 
logue,  which  being  once  eftabli  filed,  the  Places  of 
the  Planets  and  Comets  are  eafily  known  by  Ob- 

fervations 


LECTVRES.  i3i 

fervation  and  Computation.  For  if  the  Diftan-  Leisure 
ces  of  any  Planet  or  Comet  from  two  Fixed  Stars  XIX. 
of  known  Longitude  and  Latitude  be  taken  by 
Obfervation,  we  may  by  that  means  determine 
the  Longitude  and  Latitude  of  the  Planet  or  Co¬ 
met  in  the  following  manner. 

Let  E  F  be  a  Portion  of  the  Ecliptick,  whofe  Plate  xvn. 
Pole  is  B,  and  let  A  and  C  be  two  Stars,  whofe  7* 
Longitudes  and  Latitudes  are  known,  and  P,  a 
Planet,  whofe  Diftances  from  the  fame  Stars  are 
known  by  Obfervation.  In  the  Triangle  ABC, 
having  A  B  and  C  B  the  Complements  of  the 
Latitudes  of  the  two  Stars,  and  the  Angle  ABC, 
whofe  meafure  is  the  Arch  E  F,  the  Difference  of 
Longitude  of  the  two  Stars ;  from  thence  we 
may  find  A  C  the  Diftance  of  the  Stars,  and  the 
Angle  B  C  A.  Again,  in  the  Triangle  A  PC  we 
have  all  the  Sides,  from  which  we  may  find  the 
Angle  PCA$  which  being  fubftradted  from  BCA, 
will  leave  the  Angle  B  C  P.  Laftly,  in  the 
Triangle  B  C  P,  we  have  the  fides  B  C,  CP,  and 
the  Angle  PCB;  from  which  we  can  find  the 
Angle  P  B  C,  whofe  meafure  is  O  F  the  Difference 
of  Longitude  of  the  Star  C  and  the  Planet.  We 
can  alfo  find  the  Arch  P  B  the  Complement  of 
the  Latitude  of  the  Planet. 

AFTER  the  fame  Method,  if  we  have  the 
Diftances  of  a  Planet  from  two  Fixed  Stars,  whofe 
Right  Afcenlions  and  Declinations  are  known,  we 
may  find  out  the  Right  Afcenfion  and  Declination 
of  rhat  Planet. 
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O/'  the  Twilight,  and  of  the  Refraction  of 

the  Stars . 


T&e  Air 
maltfs  tbe 

Firmament 
lucid . 


ESIDES  other  innumerable  Conve- 


€ 

*8i 


B 


& 


niencics  which  we  receive  from  the  At- 
mofphcre ,  we  have  this  great  Advan¬ 
tage,  that  while  the  Sun  fhines,  it 
makes  the  Face  of  the  Heavens  or  Fir¬ 
mament  to  appear  lucid  and  bright ;  for  if  no 
Atmcjbhcre  furrounded  and  involved  the  Earth, 
only  that  part  of  the  Heavens  would  appear  to 
fhine  in  which  the  Sun  was  placed  :  And  a  Spe¬ 
ctator,  if  he  fit  on  Id  turn  his  Back  to  the  Sun, 
would  immediately  perceive  it  as  dark  as  Night  ; 
and  even  in  the  Day-time  while  the  Sun  fhined, 
the  lead  Stars  would  be  feen  fnining,  as  they  do 
now  in  the  cleared  Night ;  Iince  in  that  Cafe  there 
would  be  no  fubftance  to  rededt  the  Rays  of  the 
Sun  to  our  Eyes,  and  all  the  Rays  which  do  not 
fall  upon  the  Surface  of  the  Earth,  palling  by  us, 
would  either  illuminate  the  Planets  and  Stars,  or 
fpreading  themfelves  out  into  infinite  Space,  would 
never  be  remedied  back  to  us. 

BUT  Iince  there  is  an  Atmojphere  covering  the 
Earth,  which  is  ftrongly  illuminated  by  the  Sun, 
it  rededhs  the  Light  back  upon  us,  and  makes  the 
whole  Heavens  to  fhine ;  and  that  fo  ftrongly, 
that  by  reafon  of  its  Splendor,  it  obfeures  the 


faint  Light  of  the  Stars,  ana 
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I  F  there  were  no  Atmojphere ,  the  Sun  imme-  Lecture 
diately  before  his  letting,  would  lhine  as  briskly  XX. 
as  at  Noon  ;  but  in  a  Moment,  as  foon  as  he  is 
fet,  we  fliould  have  the  Face  of  the  Earth  in  as  Tbe  Cnul-Z 
great  Darknefs  as  it  would  be  at  Midnight:  So  of  the  ch> 
quick  a  Change,  and  fo  fuddain  a  palling  from  the  pulcles. 
greateft  Light  to  the  greateft  Darknefs,  would  be 
very  inconvenient  to  the  Inhabitants  of  the  Earth. 

But  by  means  of  the  Atmojphere  it  happens,  that 
tho’  after  Sun  fetting  we  receive  no  diretft  Light 
from  the  Sun,  yet  we  enjoy  its  reflected  Light  for 
fome  Time  ;  fo  that  the  Darknefs  of  the  Night 
comes  not  fuddainly,  but  by  Degrees.  For  after 
the  Earth  by  its  Revolution  round  its  Axis  has 
withdrawn  us  from  the  light  of  the  Sun.  The 
Atmojphere  which  is  higher  than  we  are,  will  ftifl 
be  illuminated  by  the  Sun  ;  lo  that  for  a  while 
the  whole  Heavens  will  have  fome  of  his  Light 
imparted  to  it.  But  as  the  Sun  goes  If  ill  lower 
under  the  Horizon,  the  lets  is  the  Air  ilJuftrated 
by  him  :  So  that  when  he  is  got  as  far  as  jS  De¬ 
grees  lower  than  the  Horizon,  he  no  longer  en¬ 
lightens  our  Atmojphere ,  and  then  all  that  part 
thereof  thar  is  over  us  becomes  dark. 

S  O  likewife  in  the  Morning,  as  foon  as  the 
Sun  comes  within  18  Degrees  of  the  Horizon,  he 
begins  again  to  enlighten  the  Atmojphere ,  and  to 
diffufe  his  Light  thro’ the  Heavens:  So  that  its 
Brightnefs  does  ftill  increafe,  till  the  Sun  riles 
and  makes  full  Day.  This  {mall  Illumination  of 
the  Atmojphere ,  and  face  of  the  Heavens  between 
Day  and  Night,  is  what  we  call  the  Twilight, 
which  is  obferved  in  the  Morning  before  the  Sun’s 
riling,  and  at  Night  after  his  fetting  ;  in  Latin  it 
is  named  the  Crepufculurn. 

T  O  make  this  plainer,  imagine  the  Circle 
ADL  on  the  Surface  of  the  Earth,  in  the  Plane 
of  the  vertical  Circle  in  which  the  Sim  is  when 
under  the  Horizon.  Let  there  likewife  be  another  Plate  xix. 
concentrical  Circle  CBM  in  the  fame  Plane,  in-  • 

eluding  that  Portion  of  the  Air  that  reflects  the 
Sun’s  Beams :  And  fuppofe  the  Eye  to  be  on  the 

Earth’s 
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Earth’s  Surface  at  A,  whofe  fenfible  Horizon  is 
A  N.  Since  no  Line  can  be  drawn  to  A  between 
the  Tangent  fi  N  and  the  Periphery  A  D,  by  the 
1 6th  of  the  Third  Element ;  it  is  plain,  that  when 
the  Sun  is  under  the  Horizon  no  diredt  Rays  can 
come  to  the  Eye  at  A  :  But  the  Sun  being  in  the 
Line  C  G,  a  Line  may  be  drawn  from  him  to  C, 
fo  that  the  Particle  C  may  be  illuminated  by  the 
direct  R&ys  of  the  Sun  ;  which  Particle  may  re- 
fled!  thofe  Rays  to  A,  where  they  may  enter  the 
Eye  of  the  Spectator:  And  by  this  means  the 
Beams  of  the  Sun’s  Light  illuminating  an  innu¬ 
merable  multitude  of  Particles,  may  by  them  be 
reflected  to  the  Spectator  in  A,  Let  the  Tangent 
A  B  meet  with  the  Surface  of  the  Orb  of  Air  that 
reflects  the  Light  in  B;  and  from  B  draw  B  D, 
touching  the  Circle  A  D  L  in  D,  and  let  the  Sun 
be  in  the  Line  B  D  at  S  :  Then  the  Ray  S  B  will 
be  refiedted  into  B  A,  and  will  enter  the  Eye, 
becaufe  of  the  Angle  of  Incidence  D  B  E  being 
equal  to  the  Angle  of  Reflection  ABE:  And 
that  will  be  the  firft  Ray  that  reacheth  the  Eye 
in  the  Morning,  and  then  the  dawning  begins ;  or 
the  iaft  which  falls  upon  the  Eye  at  Night,  when 
the  Twilight  ends.  For  when  the  Sun  goes  lower 
down,  the  Particles  at  B  can  be  no  longer  illu¬ 
minated. 

THE  Reflection  of  the  Atmojphere  does  not 
feem  to  be  the  only  caufe  of  the  Twilight ;  but 
there  is  an  iEtherial  Air  or  Atmojphere  likewife 
round  the  Sun,  which  fhines  after  the  Body  of  the 
Sun  is  fet  :  This  Orb  of  the  Sun’s  Atmojphere  ri¬ 
ling  fooner,  and  fetting  later  than  the  Sun  it  felf, 
fhmes  out  at  Mornings  and  Nights  in  a  circular 
Figure,  it  being  a  Segment  of  the  Sun’s  Atmojphere 
cut  by  the  Horizon ;  and  its  Light  is  quite  of 
another  fort  than  that  which  is  made  by  the  Re¬ 
flection  of  our  Atmojphere .  But  the  Duration  of 
the  Twilight  that  arifes  from  the  Sun’s  Atmojphere , 
is  fhorter  much  than  that  made  by  the  Reflection  j 
of  the  Earth’s  Atmofyhere,  which  does  not  end  till 
the  Sun  comes  to  be  18  Degrees  below  the  Hori-  1 

zon, 
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zon,  or  thereabouts.  But  there  can  be  no  cer-  Ledure 
tain  bounds  fixed  for  the  Beginnings  and  End-  XX. 
ings  of  the  Twilights  5  for  their  Lengths  depend  J 

on  the  quantity  of  Matter  in  the  Air  which  is 
able  to  refled:  Light,  and  on  the  Height  of  the 
Atrncjphere.  In  the  Winter  the  Air  being  conden- 
fed  by  the  cold  is  low,  and  on  that  Account  the 
Twilights  are  fooner  over.  In  the  Summer  the  Air 
is  rarify’d  by  Heat,  and  therefore  being  higher 
remains  longer  illuminated  by  the  Sun,  fo  that 
the  Twilights  laft  the  longer :  Alfb  the  Duration 
of  the  Twilight  is  fhorter  in  the  Morning  than  at 
Night.  We  generally  reckon  that  the  Twilight 
begins  or  ends,  when  in  the  Morning  the  Stars  of 
the  fixth  Magnitude  difappear,  or  in  the  Evening 
when  they  firft  come  to  be  feen  ;  the  light  of  the 
Air  before  that  rendring  them  invilible.  Rjcciolus 
obferved  at  Bononia  that  the  Morning  Twilight 
about  the  Time  of  the  EquinoEties,  lafxed  an  Hour 
and  47  Minutes ;  but  in  the  Evening  two  Hours, 
and  did  not  end  till  the  Sun  v  as  2c  Degrees  un¬ 
der  the  Horizon  :  But  in  Summer  the  Morning 
Twilight  was  three  Hours  and  40  Minutes  long  ; 
the  Evening  Twilight  fcarcely  ending  till  Midnight. 

HENCE  if  we  have  the  Time  of  Beginning 
of  the  Twilight  in  the  Morning,  or  the  end  of  itrnofphere 
at  Night,  we  may  find  the  Height  of  the  Air  that  mtafitr'd  by 
refleds  the  Light ;  for  then  the  Twilight  ends,  ^ 

when  a  Ray  of  Light  from  the  Sun  touches  the  Twilight, 
Globe  of  the  Earth,  and  is  by  the  highefl  Air  re- 
fieded  to  our  Eyes:  For  having  the  Time, 
we  can  find  the  DepreiTion  of  the  Sun  below 
the  Horizon,  and  from  thence  the  Height  of  the 
Air.  For  let  S  B  be  a  Ray  of  Light  touching 
the  Earth,  which  is  refleded,  by  a  particle  of  Air 
in  its  higheft  Region,  in  the  horizontal  Line  A  B  ; 
the  Angle  S  BN  is  the  meafure  of  the  Depreflion 
of  the  Sun  below  the  Horizon:  And  becaufc  A  B 
is  alfo  a  Tangent,  the  Angle  A  E  D  at  the  Center 
is  equal  to  the  Angle  SBN  ;  and  its  half,  that  is 
the-  Angle  A  E  B,  is  equal  to  half  SBN  or  half 
the  Depreflion  of  the  Sun.  Suppofe  the  DcpreR 
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Le&ure  fion  of  the  Sun  at  the  beginning  or  end  of  Twi~ 

XX.  light  be  1 8  Degrees;  then  the  Angle  A EB  will  be 
l/VNJ  9  Degrees,  which  would  be  true,  did  the  Ray  S  B 
pals  thro’  the  Atmojphere  without  Refradlion  :  But 
becafcfe  it  is  refradled  and  bent  towards  H,  we 
muft  diminifh  the  Angle  A-  E  B  by  a  quantity 
equal  to  the  Horizontal  Refradlion,  which  is  a- 
bout  half  a  Degree :  And  therefore  the  true  mea- 
fure  of  the  Angle  A  E  B  is  8  4-  Degrees.  Moreo¬ 
ver,  A  E  is  to  B  H  as  the  Radius  is  to  the  excefs 
of  the  Secant  of  the  Angle  AEB  above  the  Ra¬ 
dius,  that  is  as  iooooo  is  to  xud.  Therefore  if 
the  Semidiameter  of  the  Earth  be  in  round  Num¬ 
bers  4000  Miles,  B  H  the  height  of  the  Atmojphere 
which  refledls  the  Sun’s  Rays  will  be  about  44 
Miles;  for  as  iooooo  is  to  1110,  fo  is  4000 
to  44. 

Under  the  IN  a  right  Pofition  of  the  Sphere  the  Twilights 
Equator  the  are  quickly  over;  becaufe  the  Sun  defeends 
Twilight*  is  conftandy  nearly  in  a  perpendicular;  but  in  an 
Short?  oblique  Sphere  they  laft  longer,  the  Sun  defend¬ 
ing  obliquely ;  and  the  more  oblique  the  Sphere 
is,  that  is  the  greater  the  Latitude  of  the  Place  is, 
fo  much  longer  laft  the  Twilights  :  So  that  all  they 
who  are  in  above  48  Degrees  Latitude,  in  the 
Summer  near  the  Solftices,  have  their  Atmojphere  il¬ 
luminated  the  whole  Night,  and  the  Twilight 
lafts  till  the  Sun -riling,  without  any  cohipleat 
darknefs. 

Under  the  IN  a  parallel  Sphere  the  Twilight  Lifts  for  fe- 
^fr}$fG'n7  vera^  M°nths  -  fo  that  the  Inhabitants  have  either 
Months?'  the  diredl  or  reflex  Light  of  the  Sun  for  ahnoft  all 
the  Year. 

The  cir-  j  p  below  the  Horizon  you  conceive  a  Circle  to 
Twi?'  ke  drawn  parallel  to  the  Horizon,  and  at  a  di¬ 
light.  fiance  from  it  equal  to  the  Depreflion  of  the  Sun 
at  the  end  of  the  Twilight  :  This  leffer  Circle  is 
called  the  Circle  which  terminates  the  Twilights  ; 
for  whenever  the  Sun  by  its  apparent  diurnal 
Motion  reaches  this  Parallel,  the  Morning  Twilight 
begins,  or  the  Evening  ends,  in  whatever  parallel 
of  the  Equator  the  Sun  is.  : ,  V' 
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IN  the  Figure  let  H  QO  be  the  Horizon, 
V<iX  the  Circle  parallel  to  it  terminating  the  T W- 
light ,  the  Circle  H  Z  O  the  Meridian,  JE  Q %a  the 
Equator.  It  is  manifest  that  the  more  oblique  the 
Equator  is  to  the  Horizon,  lb  much  the  greater 
are  the  Arches  of  the  Equator  and  its  Parallels,  in¬ 
tercepted  between  the  Horizon  and  the  terminating 
Circle  Ya  X.  The  Arches  QR,  da,  C  cy  G  h,  K/, 
are' called  the  Arches  of  the  Twilights,  becaufe 
they  determine  their  Duration  :  And  as  each  Arch 
has  a  bigger  or  lefs  proportion  to  its  Circle,  lo 
will  the  Twilight  when  the  Sun  is  in  that  Paral¬ 
lel,  be  longer  or  fhorrer.  In  the  Circle  bounding 
the  Crepufcles  take  any  Point  a,  thro’  which  pafles 
a  Parallel  to  the  Equator  da  ;  and  thro’  a  imagine 
a  great  Circle  to  be  drawn  as  M  a  N,  touching 
the  Circle  of  perpetual  Apparition  :  And  fince 
the  Horizon  likewife  touches  the  fame  Circle, 
thefe  two  Circles  wall  make  equal  Angles  with 
the  Equator  and  its  Parallels ,  for  the  meafure  of 
each  Angle  is  the  diftance  of  the  Parallel  from  its 
great  Circle.  So  likewife  all  the  Arches  of  the 
Equator,  and  its  Parallels  between  the  Horizon 
and  the  Circle  MdN  are  fimilar,  by  Prop.  13, 
Book  II.  Theodofius  s  Sphericks.  This  Circle  M  a  N 
will  either  cut  the  bounding  Circle  Ya  X  in  two 
Points,  or  touch  it  in  one.  Let  it  firft  cut  it  in 
Iwo  Points  a  and  h;  and  therefore  the  Arches  of 
the  Parallels  da,  Gh  are  fimilar:  Wherefore 
when  the  Sun  by  its  diurnal  Motion  deferibes 
thefe  two  Parallels,  the  Twilights  are  equal ;  But 
while  he  deferibes  any  intermediate  Parallel  as  C  e, 
the  Time  of  the  Twilight  is  fhorter  ;  for  in  this  cafe 
C  m  the  Arch  of  Twilight  is  lefs  than  C  e,  which  is 
fimilar  to  the  Arch  d  a  or  Gh,  and  Ce  and  da  are 
deferibed  by  the  Sun  in  equal  times.  But  when 
the  Sun  is  in  Parallels  that  are  at  a  greater  di- 
flance  from  the  Equator  than  G  /;,  the  Twilights  laft 
longer  ;  for  the  Twilight  Arch  /  K  is  greater  than 
q  K,  which  is  deferibed  by  the  Sun  in  the  fame 
time  as  the  Areh  of  the  Crcpufcle  G  h, 
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Letfhire  WHILE  the  Sun  is  in  Parallels  that  are  to- 
XX.  wards  the  elevated  Pole,  the  Twilights  do  con- 
ftandy  grow  longer,  according  as  thole  Parallels 
The  d'lfc-  approach  the  Poles  :  For  the  Twilight  Arch  op  is 

Y'oL  of  the^0n^er  *n  beinS  defcribed  than  QR,  and  YU  the 

Twilights.  way  is  longer  than  op.  But  if  the  Sun  de¬ 

scribe  the  Parallel  S  t ,  it  never  will  meet  with  the 
bounding  Circle,  and  then  the  Twilight  lafts  the 
whole  Night  long. 

HENCE  arifes  a  great  Difference  between 
the  increafe  of  the  Twilight  and  its  decreafe  and 
the  encreale  and  decreafe  of  Days  and  Nights. 
For  while  the  Sun  moves  from  the  beginning  of 
to  the  firft  of  Capricorn,  all  that  time  the  Days 
conftantly  decreafe,  and  the  Nights  increafe  :  But 
in  the  Twilight  it  is  otherwise ;  for  tho’  the  Twi¬ 
light  and  Days  are  at  the  longeft  when  the  Sun  is 
in  the  firft  degree  of  S',  and  then  they  both  de¬ 
creafe  together;  yet  the  times  of  Twilight  do  not 
continually  decreafe  till  the  Sun  comes  to  yp,  but 
there  is  a  certain  Point  between  £3  and  yy>f  to 
which  when  the  Sun  arrives,  we  have  the  fliorteft 
Twilight.  From  thence  the  Twilights  will  begin  to 
encreafe  again,  and  there  will  be*  one  Arch  of 
Twilight  fimilar  to  that  when  the  Sun  is  in  the 
Equator,  before  he  reaches  yp  :  And  if  the  Sun 
Ihould  go  further  South  even  beyond  the  Tropick, 
the  Twilights  would  {bill  increafe,  altho’  the  Days 
decrealed.  And  altho’  the  Days  from  the  begin¬ 
ning  of  the  Sun’s  entry  into  Vjp  do  conftantly  en¬ 
creafe,  yet  the  Twilights  grow  fhorter  till  the  Sun 
comes  to  a  point  between  V?  and  Y,  in  which 
again  we  have  the  fliorteft  Twilight :  This  appears 
plain  by  what  we  are  here  to  demonftrate  in  the 
next  place. 

plate  xix.  idly ,  L  E  T  the  Circle  M  a  N  touch  the  boun- 
ding  Circle  in  one  p  oint,  which  fuppofe  to  be  a, 
thro’  which  draw  th  e  Parallel  to  the  Equator  da; 
I  fay  that  when  t^e  Sun  is  in  this  Parallel  the 
Twilight  will  be  the  fliorteft  of  all.  For  becaufe 
the  Arches  of  the  Parallels  intercepted  between 
the  Horizcif-and  the  Circle  M  a  N  are  all  fimilar, 

they 

m 


L  E  C  T  V  R  E  S.  239 

they  will  be  defcribed  by  the  Sun  in  equal  times  :  Le&ure 
JBuc  becaule  the  Twilight  Arches  c  e  and  g  h  are  XX. 
greater  than  c  m  or  g  i,  the  Sun  will  be  longer 
in  moving  thro‘  the  Arch  ce  than  cm,  and  thro* 
the  Arch  g  h  than  g  i  ;  that  is  longer  than  in  de- 
fcribing  the  Arch  da,  which  Arch  therefore  is 
the  fhorteft  Twilight . 

THE  Diftance  of  that  Parallel  from  the  Equa-  The  time 
tor  in  which  is  the  fhorceft  Twilight ,  is  thus  in- 
veftigated.  Becaufe  the  Circle  M*N  and  the  light  m-e- 
Horizon  H  O  touch  the  fame  Parallel,  which 
the  Circle  of  perpetual  Apparition,  they  will  both 
be  equally  inclined  to  the  Equator :  And  therefore 
the  Angle  an  T  of  the  Equator  and  the  Circle 
M  a  N,  is  equal  to  the  Angle  F  Qd  of  the  Equa¬ 
tor  and  the  Horizon.  Thro’  the  Zenith  Z  and  the 
Point  a  draw  the  vertical  Circle  ZY/j,  cutting  the 
Equator  in  the  point  T.  The  fpherical  Triangles 
anT,T  QY ,  are  mutually  equiangular  to  each 
other,  becaufe  the  Angles  at  a  and  Y  are  right  ; 
and  we  have  (hewed  that  the  Angles  at  Qand  n 
are  equal  ;  alfo  the  Angles  at  T  are  equal,  being 
vertical  to  each  other:  Thefe  Triangles  then  being 
equiangular  are  alfo  equilateral ;  and  therefore 
T  a  will  be  equal  to  TY,  or  to  half  the  diftance  of 
the  bounding  Circle  from  the  Horizon :  Moreover, 
c  n  is  equal  to  Q^,  by  13.  Prop .  Book  II.  Theod . 
for  F  R  and  da  are  parallel,  and  therefore  dQ 
is  equal  to  QY. 

I  N  the  fpherical  Triangle  T  QY  redlangular 
at  Y,  we  have  the  fide  TY  half  the  diftance  of 
the  bounding  Circle  from  the  Horizon  ;  as  alfo 
*he  Angle  Y  QT  equal  to  F  Q</,  which  mea- 
fures  the  Complement  of  the  Latitude  of  the  place; 
wherefore  we  can  find  QY,  and  Q d  which  is 
equal  to  it.  From  the  Point  d  to  the  Equator 
draw  the  Circle  of  Declination  d  F ;  and  in  the 
fpherical  Triangle  d  QF,  we  have  d  Q  and  the 
Angle  Q,  by  which  we  can  find  the  Arch  d  F,  the 
Declination  of  the  Parallel  of  the  leaft  Twilight 
from  the  Equator,  which  was  to  be  found. 
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Leisure  THIS  Problem  might  have  been  folved  by  one 
XX.  fingle  Analogy.  For  in  the  Triangle  T  Q  Y,  the 
Radius :  Tang.  TY  :  .*  Co-tang.  Q:  Sin.  QY  or  to 
The  fame  the  Sin.  of  d  Q:  But  the  Sin.  of  Q:  Cofin.  of 
Problem  Q :  •  Rad.  Co-tang.  Q.  Therefore  by  the  Rules 
JInVeie  a  1° f  5^  Element,  The  Rad.  multiplied  by  the 

bogy.  n  Sin.  of  Q,  will  be  to  the  Tang,  of  TY  into  the 
Cofin.  of  Q,  as  the  Radius  is  to  the  Sin.  of  Qi : 
But  in  the  Right-anglecl  Triangle  QdF,  Radius 
is  to  the  Sine  of  Q</  as  the  Sine  of  the  Angle  Q 
to  the  Sine  of  d  F  j  wherefore  Rad.  x  Sine  Qwill 
will  be  to  Tang,  of  TY  x  Co-fine  of  Q,  as  the 
Sine  of  Q  to  Sine  of  d  F  ;  and  thence,  ex  cequo ,  it 
will  be  as  Radius  to  Tang,  of  T  Y,  fo  Co-fine  of 
Q  or  the  Sine  of  the  Latitude,  to  the  Sine  of  the 
diftance  of  the  Parallel  from  the  Equator.  Having 
the  Declination  of  the  Sun,  the  time  of  the  begin¬ 
ning  of  the  Morning  Twilight,  which  we  call  Break 
of  Day,  of  the  End  of  the  Evening  Twilight  is  thus 
The  Du.  to  be  found.  Let  op  be  the  parallel  of  the  Sun 
T*\vi\\  h/  mcetin&  with  the  bounding  Circle  in  p ;  and  draw 
determined,  thro*  the  Pole  the  C  ircle  of-  Declination  P p.  In 
the  fpherical  Triangle  P  Z  p  we  have  all  the  Tides  ; 
for  ZP  is  the  Complement  of  the  Latitude,  Pp 
the  Complement  of  the  Sun’s  Declination,  and 
Z  p  equal  to  the  Sum  of  a  Quadrant  and  the 
diftance  of  the  bounding  Circle  from  the  Horizon 
=  Z  /  4'  Ip.  From  which  we  can  find  the  Angle 
ZP py  and  its  Complement  to  two  Rights  pPV: 
and  the  Arch  of  the  Equator  meafuring  this  Angle 
being  converted  into  Time,  will  fhew  the  begin¬ 
ning  or  end  of  Twilight. 

Kefrattion  THE  TE  RRESTI  AL  ATMOSPHERE 
moilhere^1*  by  receding  the  Sun’s  Beams  not  only  produces 
the  Morning  and  Evening  Twilight ,  but  it  alfo 
bends  and  refradbs  the  Rays  of  the  Sun  and  all 
the  Stars  which  fall  on  it,  and  changes  their  Di¬ 
rections  by  propagating  the  Light  in  other  Lines, 
making  the  apparent  Places  of  the  Stars  different 
from  their  true  Places. 

B  Y  manifold  Experiments  we  find  that  the 
Rays  of  aluminous  Body,  even  of  any'  vilible  Ob- 
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ject,  when  they  fall  upon  a  Medium  or  Diapha-  Lecture 
nous  Body  as  Air  or  Water,  of  a  different  Den-  XX. 
fity  from  that  from  whence  they  firft  proceed- 
cd  j  do  not  afterwards  go  direcftly  in  the  fame 
ftrait  Lines,  but  are  broken  or  bended,  and  pro¬ 
pagated  as  if  they  had  proceeded  from  another 
point  than  they  really  did.  And  if  the  Medium 
on  which  the  Rays  fall  be  denfer  than  the  firft,' 
they  are  bent  towards  a  Line  perpendicular  to 
that  Surface  whereon  they  fall,  at  the  point  of  In¬ 
cidence  j  but  if  it  be  a  Rearer  Medium ,  in  their 
bending  they  recede  from  the  Perpendicular. 

W  E  obferve  in  Nature  many  effects  of  Re¬ 
fraction.  A  Staff,  whofe  one  part  is  immerged  in 
Water  and  the  other  in  the  Air,  appears  broken  ; 
and  that  part  which  is  in  Water  appears  higher 
than  it  really  is.  All  the  Stars  by  Refraction  ap¬ 
pear  higher  or  nearer  to  our  Vertex  than  they 
would  be,  were  there  no  Air,  fo  that  the  Light 
might  arrive  to  us  without  Refraction. 

LET  ZV  be  a  Quadrant  of  a  vertical  Circle  Plate  xix* 
in  the  Heavens  defcribed  from  the  Center  of  the 
Earth  T,  under  which  is  A  B  a  Quadrant  of  a 
Circle  on  the  Surface  of  the  Earth,  and  G  H  a 
Quadrant  on  the  furface  of  the  Atmojphere :  And 
let  S  be  any  Star  from  which  proceeds  the  Beam 
of  Light  S  E,  falling  on  the  Surface  of  the  Air  in 
E.  Now  fince  this  Ray  comes  from  the  Etherial 
Air  much  rarer  than  ours,  or  rather  from  a  per¬ 
fect  Void,  and  falls  on  our  Atmofphere ,  which  is 
denfe  in  comparifon  of  it  ^  In  E  it  will  be  refra¬ 
cted  towards  the  Perpendicular ;  And  becaufe  the 
upper  Air  is  rarer  than  that  which  is  nearer  the 
Earth,  and  grows  ftill  denfer  the  nearer  it  is  to 
us,  this  Ray  of  Light  as  it  proceeds  will  con- 
ftantlv  be  refracted  and  bended,  fo  that  it  will 
arrive  at  our  Eye  in  the  curve  Line  E  A  :  Sup- 
pofe  the  right  Line  A  F  to  touch  this  Circle  in  A  ; 
according  to  the  Direction  A  F  the  Ray  of  Light 
will  enter  the  Eye  at  A.  And  becaufe  all  Ob¬ 
jects  arc  leen  in  the  Line  according  to  whole 
Direction  the  Rays  enter  the  Eve  and  ftrike 
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Lediure  upon  the  Senforium  5  the  Objedts  will  appear  in  the 
XX.  Line  A  F,  that  is  in  the  Heavens  at  Q,  which  is 
nearer  to  our  Vertex  than  the  Star  really  is.  And 
it  may  even  happen,  that  a  Star  which  is  below 
By  Refra-  the  Horizon  may  be  feen  above  it.  This  Refra- 
ft'l.onr  an  I'  diion  is  alfo  the  caufe  why  the  two  great  Lumina- 
monmay  ries  the  Sun  and  Moon,  when  one  of  them  is 
be  feen  _  above  the  Horizon  and  the  other  below  it,  both 

under^tbe*5  maY  aPPear  above  the  Horizon  ;  fo  that  the  Moon 
Horizon,  has  been  obferved  eclipfed,  when  fhe  was  below 
the  Horizon  and  the  Sun  above  it. 

Where  the  A  Star  in  the  Vertex  or  Zenith  has  no  Red 
;traS;  fra‘aion>  for  a  perpendicular  Ray  goes  ftreight  on  ; 
where  the  ?But  the  more  obliquely  the  Ray  falls  upon  the 
furface  of  the  Air,  lo  much  the  greater  is  the  Re- 
fradlion  ;  fo  that  the  Horizontal  Refradhion  is  the 
greateft  of  all.  And  a  Star  that  is  above  50  De- 
Atl  the  grees  high  has  fcarcely  a  fenlible  Refradiion.  In 
Stars  at  e~  equal  Altitudes  the  Refradiions  are  equal:  And 
%ave  equal  therefore  the  Sun,  Moon  and  fix’d  Stars,  at  the 
foifraSuons.  fame  apparent  height,  have  all  the  fame  Degree  of 
Refradiion;  tho’  the  noble  Tycho  Brahe,  the  Re- 
fiorer  of  Aftronomy  and  the  firft  obferver  of  Re¬ 
fractions,  thought  otherwife :  Hence  if  the  Re¬ 
fradiions  of  the  Fixed  Stars  are  known,  we  fhali 
know  likewife  the  Refradiions  of  the  Sun,  Moon 
and  Planets :  And  it  is  ealier  to  find  by  Obfer- 
vation  the  Refradiion  of  a  Fixed  Star  than  that 
of  the  Sun  and  Moon  :  For  the  Parallaxes  of 
thefe  Bodies  not  being  exadtly  known,  the  Obfer- 
vations  about  their  Refradiions  will  be  doubtful  ; 
but  the  Fixed  Stars  having  no  Parallax,  all  the 
difference  between  their  true  and  obferved  Places 
is  wholly  owing  to  Refradiion. 

The  Me-  THOSE  Fixed  Stars  that  rife  higher  above  the 
%°rtwl  \ horizon  than  50  Degrees  have  their  Declinations, 
Refraction.  '  Right  -Afcenfions,  Longitudes  and  Latitudes  accu¬ 
rately  enough  known  ;  for  in  fo  great  an  Altitude 
P  pig,  the  Refradiion  is  next  to  nothing.  Now  thefe 
being  known,  we  find  the  Refradiion’s  near  the 
Horizon  by  the  following  Method.  Let  O  P  Z  H 
be  the  Meridian,  H  Q  the  Horizon,  M  Q  the 
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Equator,  P  the  Pole,  and  the  Vertex  Z.  Let  A  Lecture 
be  a  Star  whole  Refraction  is  to  be  found,  and  XX. 
let  Z  D  be  a  vertical  Circle  palling  thro’  the  Star, 
whofe  apparent  Place  iuppofe  to  be  C  ;  the  Arch 
A  C  is  the  Refraction.  Let  the  apparent  diftance 
of  the  Star  from  the  Vertex  be  obferved,  that  is 
the  Arch  Z  C :  And  at  the  time  of  the  Obferva- 
tion  take  the  Altitude  of  another  Star  which  is  fo 
high  that  it  is  not  liable  to  Refraction,  with  which 
find  out  the  moment  of  Time  the  Obfervatiorx 
was  made  ;  which  may  alfo  be  known  by  a  good 
Pendulum  Clock  :  By  this  Time  and  the  Right- 
Afcenfion  of  the  Sun,  we  (hall  find  the  Point  of  the 
Equator  which  then  culminates  or  is  in  the  Meri¬ 
dian,  that  is  the  Point  JE.  But  we  have  alfo  the 
Right-Afcenfion  of  the  Star ,  that  is  the  Point  B* 
where  the  Circle  of  Declination  pading  thro'  the 
Star  meets  the  Equator  ;  and  confequently  the  Arch 
JE  B  will  be  known,  which  is  the  meafure  of  the 
Angle  Z  P  A.  Therefore  in  the  fpherical  Triart^ 
gle  ZPA,  having  ZP  the  diftance  of  the  Pole 
from  the  Vertex,  and  PA  the  Complement  of  the 
Stars  Declination,  as  alfo  the  Angle  ZPA,  we 
find  out  by  Trigonometry  the  fide  Z  A  the  true  di¬ 
ftance  of  the  Star  from  the  Vertex ;  from  which 
fubftract  ZC  the  apparent  diftance  known  by  Ob- 
fervation,  and  there  will  remain  A  C  the  Refra¬ 
ction  of  the  Star ,  which  was  to  be  found. 

THE  Refraction  may  like  wife  be  found  by 
ferving  the  Azimuth  of  a  Star ,  or  the  Arch  of  th e  finding  the 
Horizon  between  the  Meridian  and  the  Vertical  Refraftw* 
Circle  palling  thro’  the  Star ,  that  is  the  Arch  DO; 
for  that  Arch  meafures  the  Angle  P  Z  A,  from 
which,  and  the  fides  PZ,  PA,  we  may  find  ZA 
the  true  diftance  of  the  Star  from  the  Vertex* 
from  which  fubftract  Z  C  the  obferved  Diftance* 
and  we  fiiall  have  C  A  the  Refraction  required. 

THE  Azimuth  of  any  Star  is  bell  obferved*  th^ee/^* 
bv  drawing  on  the  Plane  of  the  Horizon  the  Me- fervin°^ 
ridian  Line  AE;  upon  which  ere<t  the  Per- Azimuth  of 
pendicular  C  A,  which  is  eafily  perform’d  by 
line  and  a  Plummet:  Then  take  another  Thread  fig.  ^  a 

JR  %  •*  with 


i44 

Lecture 

XX. 


When  the 
Sun  us  in  the 
Horizon  its 
F.  ays  pafs 
thorough  a 
larger  / pace 
of  Air  than 
rehen  he  is 
in  the  Ze¬ 
nith . 

Plate  XIX. 

'  Fig.  7. 


astronomical 

with  a  Weight  as  B  D,  and  hang  it  lo  that  the 
Body  of  the  Star  may  be  covered  by  the  two 
Threads  CA,  DB,  and  then  the  Star  will  be  in  the 
Plane  of  a  Vertical  Circle,  in  which  Plane  the 
Threads  do  likewife  ftand  :  Mark  then  the  Point 
B  in  the  Plane  of  the  Horizon,  and  in  the  Meri¬ 
dian  Line  the  Point  A,  upon  which  is  eredted  the 
Thread  AC:  And  taking  in  the  Meridian  Line 
any  Point  E,  draw  A  B,  BE;  then  by  the  help  of 
a  Scale  of  equal  parts  meafure  the  three  lides  of 
the  Triangle  B  A  E,  from  which  by  Trigonometry 
we  lhall  find  the  Angle  B  A  E,  which  is  the  Azi¬ 
muth  that  was  to  be  found. 

FROM  Refradfcion,  the  reafon  is  plain  why 
the  Sun  and  Moon  near  the  Horizon  appear  of  an 
oval  Figure  ;  for  their  inferiour  Limbs  are  more 
refradted  and  railed  higher  than  the  fuperiour 
Limbs  are ;  and  therefore  thefe  two  Limbs  will 
fecm  nearer  to  each  other,  and  the  breadth  of  the 
Bodies  contracted,  while  both  ends  of  the  Hori¬ 
zontal  Diameter  being  equally  refradted  and  raifed, 
keep  the  fame  diftance  from  one  another,  and  its 
apparent  Magnitude  remains  the  fame. 

THE  Rays  of  the  Sun,  when  he  is  in  or  near 
the  Horizon,  pafs  thorow  a  larger  body  of  Air, 
than  when  he  is  near  the  Vertex.  For  let  A  B  D 
be  the  Earth,  E  C  F  the  Orb  of  Air  which  fur- 
rounds  it,  whole  Altitude  is  commonly  reckon’d 
to  be  50  Miles.  Let  C  A  be  an  Horizontal  Ray, 
E  A  a  Vertical  Ray  z  It  is  manifeft  that  C  A  is 
longer  than  E  A ;  and  the  proportion  of  thefe 
Lines  may  be  thus  found  out.  Suppole  the  Semi¬ 
diameter  of  the  Earth  in  round  Numbers  to  be 
4000  Miles,  and  EA  50;  then  is  T  £  =  C  T 
4050,  whofe  Square  is  equal  to  the  Squares  of  CA 
and  A  T :  And  therefore  if  from  the  Square  of 
C  T  we  take  away  the  Square  of  TA,  there  will 
remain  the  Square  CA  ;  That  is,  if  from  16402500 
we  fubftradt  1 6600000,  there  will  remain  402500, 
which  is  the  Square  of  C  A,  whofe  Root  is  634  : 
And  therefore  C  A  :  AE  :  :  634  ;  50,  which  is 
greater  than  the  proportion  of  11  to  1.  Hence 
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we  fee  the  reafon  why  without  hurting  our  Eyes,  Ledfcure 
we  can  look  upon  the  Sun  at  riling  and  fetting :  XXI. 
But  in  the  Meridian  he  is  not  to  be  looked 
upon  without  the  danger  of  hurting  our  Sight. 

For  the  Rays  of  the  Sun  in  the  Horizon  pene¬ 
trating  fo  large  a  body  of  Air,  hit  againft  an 
infinite  number  of  Particles  fwimming  in  it,  and 
being  reflected  or  abforbed,  the  force  of  the 
Light  is  thereby  much  weakned.  Since  there¬ 
fore  Light  is  fo  much  weakned  in  palling  thro’  fo 
Email  a  fpace  as  our  Atmojphere ;  if  this  Atmofphere 
were  fo  large  as  to  reach  the  Moon,  and  were  of 
the  fame  Denfity,  neither  Sun,  Moon,  nor  Stars 
could  then  be  feen. 


LECTURE  XXL 

Of  the  Parallaxes  of  the  STAR  S. 


NCE  all  the  apparent  diurnal  Mo- 
^  tions  are  performed  uniformly  round 

the  Axis  of  the  Earth,  and  not  round 
the  place  of  the  Spediator,  who  lives 
upon  the  Earth’s  Surface  ;  he  who  obferves  the 
Motion  of  the  Stars  from  this  Surface,  mult  find 
that  they  appear  to  move  with  a  Motion  that  is 
not  equal.  For  if  a  body  by  its  Motion  deferibes 
equally  the  Periphery  of  a  Circle,  the  equality  of 
Motion  can  be  feen  from  no  other  Points  than 
thofe  in  the  Axis  of  this  Circle.  And  therefore 
any  Star  or  Phenomenon  feen  from  the  Center  of 
the  Earth  will  appear  in  a  different  Place  from  whac 
it  does  when  oblcrved  from  the  Surface  ;  and  this 
difference  of  Place  of  the  fame  Star,  feen  from  the 
Earth’s  Center  and  viewed  from  its  Surface, 
called  the  Parallax  of  that  Star. 
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Letfture  LET  A  B  be  a  quadrant  of  a  great  Circle  oii 
XXL  the  Earth’s  Surface,  where  A  is  the  place  of  the 
Spectator,  and  the  point  V  in  the  Heavens  his 
xx.  Vertex  or  Zenith.  Let  V  NH  reprelent  the  ftar- 
ry  Firmament,  the  Line  A  D  the  fenfible  Horizon, 
in  which  fuppofe  the  Star  C  to  be  feen,  whofe 
diftance  from  the  Center  of  the  Earth  is  TC.  If 
this  Star  were  obferved  from  the  Center  T,  it 
would  appear  in  the  Firmament  in  E,  and  elevated 
above  the  Horizon  by  the  Arch  D  E.  This  Point 
E  is  called  the  true  Place  of  the  Phenomenon  or 
Star :  But  an  Obferver  viewing  it  from  the  fur- 
face  of  the  Earth  at  A,  will  obferve  its  Place  in 
the  Horizon  at  D,  which  is  called  the  vifible  or 
apparent  Place  of  the  Star :  And  the  Arch  D  E, 
the  diftance  between  the  true  and  vifible  Place,  is 
named  the  Parallax  of  the  Star. 

I  F  the  Star  rife  higher  above  the  Horizon  to 
M,  its  true  Place  vifible  from  the  Center  is  P, 
but  its  vifible  Place  from  the  furface  is  N,  and 
its  Parallax  is  the  Arch  P  N,  which  is  lefs  than 
the  Arch  D  E.  And  therefore  the  horizontal  Pa¬ 
rallax  is  greateft  of  all  Parallaxes ;  and  the  higher 
the  Star  rifes,  the  lefs  is  its  Parallax  .*  And  if  it 
fhould  come  to  the  Vertex  it  would  have  no  Pa¬ 
rallax  at  all.  For  when  it  is  in  CL  it  is  feen  both 
from  T  and  A  in  the  fame  Line  TAV,  and  there 
is  no  difference  between  its  true  and  vifible  Place. 
The  further  a  Star  is  diftant  from  the  Earth,  fo 
much  the  lefs  is  its  Parallax :  So  the  Parallax  of 
ifhe  Star  F  is  G  D,  which  is  lefs  than  the  Parallax 
of  die  nearer  Star  C.  Hence  it  is  plain  that  the 
Parallax  is  the  Difference  of  the  Diftanccs  of  a 
Star  from  the  Vertex,  when  feen  from  the  Center 
and  from  the  furface  of  the  Earth.  For  the  true 
diftance  of  the  Star  M  from  the  Vertex  is  the  Arch 
V  P ;  but  when  obferved  from  A  its  vifible  di- 
fiance  is  V  N. 

*  THESE  diftances  are  meafured  by  the  An¬ 
gles  VTM  and  VA  M,  contained  between  the 
Lipe  V  T  drawn  to  the  Vertex,  and  the  right 
JUnes  T  M  and  A  M  drawn  from  the  Center  and 
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the  furface  of  the  Earth  to  the  Star  M  :  Bat  the  Ledfcure 
difference  of  thefe  two  Angles  is  T  M  A.  For  the  XXI. 
external  Angle  V  A  M  is  equal  to  the  two  inward 
and  oppofite  Angies  A  I’M  and  AMT:  And 
therefore  A  FM  is  the  difference  of  the  two  Angles 
VA  M  and  A  I  M  or  V  T  M.  This  Angle  AMT 
does  therefore  meafure  the  Parallax,  and  upon  that 
account  ltfeif  is  frequ  :iy  called  the  Parallax  : 

And  this  is  always  the  Angle  under  which  the 
Semidiameter  of  the  Earth  AT  appears  to  an  Eye 
placed  in  the  Star:  And  therefore  where  this  Se¬ 
midiameter  is  feen  diretftly,  there  the  Parallax  is 
greateft,  that  is  in  the  Horizon.  When  the  Star 
rifes  higher,  the  Parallax  is  diminifhed  in  the  pro¬ 
portion  we  fhall  {hew  in  the  following  Theorem. 

THE  Sine  of  the  Parallax  is  to  the  Sine  of  the 
Star’s  diftance  from  the  Vertex  in  a  conftant  and 
given  -proportion ,  which  is  as  the  Semidiameter  of  the 
Earth  to  the  dijlance  of  the  Star  from  the  Earth's 
Center. 

FOR  by  a  well-known  Theorem  in  Trigo¬ 
nometry,  in  the  Triangle  A  T  M,  the  Sine  of 
the  Angle  AMT  is  to  the  Sine  of  the  An¬ 
gle  TA  M  cr  VA  M,  as  A  T  is  to  T  M  ;  that  is 
in  the  conftant  proportion  of  the  Semidiamerer  of 
the  Earth  to  the  Stars  diftance.  And  therefore  the 
Sine  of  the  Parallax  in  C  is  to  the  Sine  of  the 
Parallax  in  M,  as  the  Sine  of  the  Angle  VA  C  is 
to  the  Sine  of  the  Angle  VA  M  :  And  therefore 
if  the  Parallax  of  a  Star  be  known  when  it  is  at 
any  one  diftance  from  the  Vertex,  we  can  find  its 
Parallax  at  any  other  diftance  from  the  Vertex. 

If  any  Star  or  Phenomenon  be  further  diftant  from 
the  Earth  than  15000  Semidiameters  of  the  Earth, 
its  Parallax  will  be  fo  final!  that  it  will  be  infen- 
(ible  and  cannot  be  obferved  :  For  fince  T  F  is  to 
TA  as  15000  to  1  ;  and  as  T  F  is  to  TA,  fo  is 
the  Radius  ro  the  Sine  of  the  Angle  T  F  A. 

Hence  we  fhall  find  the  Angle  T  F  A  lels  than  14 
Seconds,  which  Angle  is  fo  fmall  that  it  cannot 
be  obferved  by  any  Inftrumenr. 
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Lecture  I  F  we  have  the  diftance  of  a  Star  from  the 
XXL  Earth,  we  can  eafily  End  its  Parallax  ;  for  in  the 
Triangle  TAG  rectangular  at  A,  having  TA 
the  Semidiameter  of  the  Earth,  and  T  C  the  di¬ 
ftance  of  the  Star ,  the  Angle  ACT,  which  is  the 
horizontal  Parallax,  is  found  by  Trigonometry: 
And  again,  if  we  have  this  Parallax  we  can  find 
the  diftance  of  the  Star,  for  in  the  fame  Triangle 
having  AT  and  the  Angle  A  C  T  we  may  find 
out  the  diftance  T  C. 

I  F  a  Star  has  no  proper  Motion  of  its  own,  its 
true  diftance  from  any  Fixed  Star  meafured  by  ari 
Arch  of  a  Circle  always  remains  unchangeably  the 
fame  :  But  if  it  have  a  fenfible  Parallax  its  appa¬ 
rent  diftance  will  be  thereby  changed  ;  and  if 
the  Fixed  Star  be  in  the  fame  vertical  with  the 
Phenomenon,  but  higher  than  it,  the  diftance  will 
appear  to  grow  lefs  as  it  rifes  higher.  If  the  Star  be 
lower,  as  they  afcend  the  diftance  will  encreafe, 
yet  feen  from  the  Center  they  will  appear  con- 
ftantly  to  keep  the  fame  diftance  from  each  other  : 
And  therefore  the  vifible  diftances  of  a  Phenome¬ 
non  from  a  Fixed  Star  which  is  near  it,  are  not  the 
real  but  apparent  ones. 

By  tie  ?a-  LET  there  be  a  Phenomenon  or  Star  appearing 
Yf'iaxes  thJ  in  the  Horizon  in  C  :  If  it  were  obferved  from 
tfPhanome-  the  Center,  it  would  be  feen  in  Conjunction  with 
non  from  £he  Fix’d,  Star  E.  But  the  Spectator  in  A  will  fee 

Fixed  star  ic  m  ^ame  Line  wLh  Star  D,  and  will  be 
is  conjiantly  diftant  from  the  Star  E  by  the  Arch  D  E.  But 
variable.  as  jc  r|fes  higher  into  M,  it  will  ftill  appear  from 
the  Center  of  the  Earth  in  Conjunction  with  the 
fame  Star  E,  which  then  will  appear  in  P.  But 
from  the  furface  of  the  Earth  in  A  it  will  appear 
in  N,  nearer  to  the  Star  E  than  it  was  when  in 
the  Horizon  ;  and  therefore  will  not  appear  in 
Conjunction  with  the  fame  Star  D,  as  it  did  before; 
but  will  be  diftant  from  it  by  the  Arch  N  d , 
making  the  Arch  Pd  equal  to  ED.  Hence  it 
follows,  that  if  any  Phenomenon  always  keeps  the 
fame  Pofition  in  refpect  of  the  Fixed  Stars,  and 
changes  not  its  arcual  diftances  from  them,  it  has 

no 
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no  fenfible  Parallax.  But  even  likewife  if  its  Ledture 
diftance  from  the  Stars  be  changed,  yet  if  that  XXL 
change  be  only  fo  much  as  arifes  from  its  proper 
Motion,  in  that  cafe  likewife  it  will  have  no  fen- 
lible  Parallax.  But  if  any  Phenomenon  departs 
further  from  a  Fixed  Star,  or  comes  nearer  to  it 
than  what  it  would  do  by  its  proper  Motion,  this 
difference  of  accefs  or  recefs  is  the  efFedt  of  a 
Parallax. 

THE  Parallax  of  a  Star  in  a  vertical  Circle 
changes  its  place  in  regard  to  the  other  Circles  of 
the  Sphere ;  and  makes  its  vifible  Longitude,  La¬ 
titude,  and  Right- Afcenfion  to  be  different  from 
the  true  ones,  which  are  feen  from  the  Center : 

And  from  hence  arife  four  other  kinds  of  Pa¬ 
rallaxes. 

LET  HO  be  the  Horizon,  whofe  Pole  is  V,  Plate  xx. 
E  Q.  the  Ecliptick  and  its  Pole  P,  VA  a  vertical  FiS*2« 
Circle  palling  thro’  the  Star  whofe  true  Place  is  C, 
but  apparent  Place  D,  in  the  fame  Vertical  but 
nearer  to  the  Horizon ;  fo  that  the  Parallax  of 
Altitude  is  D  C.  Thro’  the  Pole  of  the  Ecliptick 
and  the  Star  draw  the  Circle  of  Latitude  P  C  G, 
and  G  will  be  the  true  place  of  the  Star  reduced 
to  the  Ecliptick.  But  a  Circle  of  Latitude  thro’  Tyc  j>araU 
the  apparent  place  D  will  meet  with  the  Ecliptick  lax  of  Lon - 
in  H,  which  will  be  the  vifible  or  apparent  place  &Itude' 
of  the  Star  in  the  Ecliptick  :  The  Arch  of  the 
Ecliptick  G  H  intercepted  between  the  two  Cir¬ 
cles  of  Latitude  palling  thro’  the  true  and  appa¬ 
rent  place,  is  called  the  Parallax  of  Longitude, 
and  C  N  the  Parallax  of  Latitude. 

I  F  the  Star  be  in  the  vertical  Circle  which 
cuts  the  Ecliptick  in  the  90 th  Degree  from  the 
Horizon  ;  i.  e.  in  that  Vertical  which  cuts  the  E- 
cliprick  at  Right-Angles ;  As  for  Example  •  In  the 
Point  c  of  the  Circle  V  E,  the  Parallax  of  Longi¬ 
tude  will  be  nothing.  For  becaufe  the  \ertical 
Circle  V  E  is  in  this  cafe  perpendicular  to  the 
Ecliptick,  it  will  pafs  thro’  its  Poles,  and  will  be 
the  fame  Circle  of  Latitude  in  which  is  the  true 
and  apparent  place  of  the  Star  5  and  both  thef$ 

places 
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JLe&ure  places  reduced  to  the  Ecliptick  will  coincide  in 
XXL  the  fame  Point :  And  here  the  Parallax  of  Lati- 
tude  will  be  the  fame  with  the  Parallax  of  Al- 
Tbe  Ratal -  titude. 

Jaxof Lati-  THE  Eaftern  Quadrant  of  the  Ecliptick  is 
tude,  triac  which  lyes  between  the  90 th  Degree  and  the 
point  of  it  that  rifes  :  The  Weftern  Quadrant  lyes 
between  the  90 th  Degree  and  the  fetting  point 
thereof.  A  Star  that  is  in  the  Eaftern  Quadrant 
has  its  apparent  Longitude  greater  than  its  true 
Longitude  3  for  while  the  Star  rifes  the  Parallax 
deprdfes  it  towards  the  Eaji.  So  in  the  Fig.  the 
vifible  place  of  the  Star  in  the  Ecliptick  is  the 
point  H,  which  is  more  Eafterly  than  the  true 
place  G  :  But  if  the  Star  be  in  the  Weftern  Qua¬ 
drant,  its  vifible  Longitude  is  lefs  than  the  true, 
becaufe  the  Parallax  thrufts  it  Weft  ward. 

LET  the  Circle  E  Q,  which  before  reprefented 
the  Ecliptick,  be  now  in  the  place  of  the  Equator, 
and  P  its  Pole,  P  V  H  the  Meridian,  V  C  A  a 
vertical  Circle  palling  through  the  Star ,  in  which 
let  C  be  its  true  place,  and  D  its  apparent.  P  C  G, 
P  D  H  Secondaries  of  the  Equator  or  Circles  of 
Declination  pafting  thro3  the  true  and  apparent 
Places  of  the  Star ,  meeting  with  the  Equator  in  G 
and  H.  The  point  G  (hews  the  true  Right  Afcen- 
jfion  of  the  Star ,  H  its  apparent,  and  the  diftance 
G  H  is  called  the  Parallax  of  Right-Afcenfion.  The 
true  Declination  of  the  Star  is  G  C,  and  its  vifible 
is  H  D,  and  their  Difference  N  C  is  the  Parallax 
of  Declination.  If  a  Star  be  to  the  Eaft  of  the 
Meridian,  the  vifible  Right- Afcenfion  is  greater 
than  the  true  ;  if  to  the  TVeft,  of  it,  it  is  lefs  :  And 
when  the  Star  culminates,  the  Parallax  of  Right- 
Afcenfion  is  nothing,  becaufe  the  fame  Circle  of 
Declination  does  there  pafs  thro3  both  the  appa¬ 
rent  and  true  place. 

THE  Aftronomcrs  have  invented  feveral  Me¬ 
thods  for  finding  the  Parallaxes  of  Stars ,  that  from 
thence  their  diftances  from  the  Earth  may  be 
Icnown ;  for  if  we  knew  this,  we  could  make 
fome  Eftimate  of  the  Largenefs  and  Amplitude  of 


LECTVRES. 

the  Univerfe.  Let  us  now  give  fome  of  the  Me¬ 
thods  which  the  Aftronomers  have  contrived  for 
fearching  out  the  Parallaxes. 

FIRST  obferve  the  Star  when  it  is  in  the 
fame  vertical  Circle  with  two  other  Fixed  Stars. 
Let  V  B  be  the  vertical  Circle  in  which  are  feen 
the  Fixed  Stars  C  and  D,  and  the  Phenomenon  or 
Star  S,  whofe  apparent  place  will  be  likewife  in 
rhe  fame  Vertical,  which  fuppofe  to  be  E ;  and  if 
the  Star  have  no  proper  Motion  of  its  own,  it  will 
conftantly  be  in  the  fame  Line  with  the  two  Stars : 
After  fome  time,  again  oblerve  the  Pofition  of  the 
Phenomenon  with  the  fame  Starsf  when  it  is  not  in 
a  vertical  Circle  with  them,  but  rather  in  a  Cir¬ 
cle  parallel  to  the  Horizon ;  i.  e.  Suppofe  the 
Fixed  Stars  in  c  and  d,  and  let  the  vifible  place 
of  the  Star  be  e;  but  its  true  place  is  in  the  Line 
cd  which  joins  the  two  Fixed.  It  is  alfo  in  the 
Vertical  Ve  ;  and  therefore  it  muft  be  in  the  point 
where  thefe  Lines  cut  one  another,  that  is  in  S. 
Obferve  the  diftances  of  the  Fixed  Stars  d  and  ct 
and  of  the  Star  e  from  the  Vertex  V  :  Meafure 
likewife  with  an  Inftrument  the  Arches  de ,  ce 
and  d  c  :  And  becaufe  e  is  the  apparent  place  of  the 
Star  and  S  its  true  place,  the  Arch  eS  is  its  Paral¬ 
lax.  In  the  Triangle  dVc  we  have  all  the  fides  ; 
wherefore  we  can  find  the  Angle  V  d  c  :  Again  in 
the  Triangle  V  d  e,  we  have  all  the  fides,  there¬ 
fore  we  can  find  the  Angle  d  V  e.  Laftly,  In  the 
Triangle  dV  S  we  have  rhe  fide  dV,  and  the 
Angles  d  V  S  and  V  d  S,  which  we  found  before  ; 
therefore  we  can  find  the  fide  V  S,  which  being 
fubftradted  from  V  e,  known  by  Obfervation, 
leaves  S  e  for  the  Parallax,  which  was  to  be 
found  out. 

THE  Parallax  of  a  Star  may  be  likewife  eafily 
found  this  way.  Obferve  when  the  Phenomenon  is 
in  any  Vertical  with  a  Fixed  Star  which  is  near 
it,  and  then  meafure  its  apparent  diftance  from 
this  Star :  Then  obferve  again  when  the  Pheno¬ 
menon  and  Fixed  Star  are  in  equal  Altitudes  from 
the  Horizon  5  and  then  again  meafure  their  di¬ 
ftance. 
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Lecfture  ftance*  The  Difference  of  thefe  Diftances  will 
XXL  he  very  near  the  Parallax  of  the  Star.  For  let 
H  O  be  the  Horizon,  V  the  Vertex,  V  E  a  verti¬ 
cal  Circle  pafling  through  the  Star  in  E,  and  the 
Fix’d  Star  in  D.  Let  the  true  place  of  the  Phe¬ 
nomenon  be  S,  fo  that  S  E  is  the  Parallax  of  Alti¬ 
tude,  and  the  Difference  of  the  Stars  and  the  Phe¬ 
nomenons  height,  is  in  this  cafe  their  vifible  di¬ 
ftance.  Afterwards  obferve  when  the  Star  and  the 
Phenomenon  comes  to  be  equally  diftant  from  the 
Horizon,  and  then  meafure  their  diftance  by  an 
Inftrument :  This  vifible  diftance  is  nearly  equal 
to  their  true  diftance.  For  let  the  true  place  of 
the  Phenomenon  be  the  Parallax  s  e  is  very 
fmall  in  comparifon  of  the  Arch  Ye:  And  there¬ 
fore  d  s  and  d  e  will  be  very  near  equal  ;  for  if 
the  Parallax  s  e  were  a  whole  Degree,  yet  even 
then  ds  and  de  would  not  differ  above  one  Mi¬ 
nute  :  Therefore  the  diftance  d  e  being  meafured, 
we  fliall  have  their  true  diftance  ds  or  D  S, 
which  is  greater  than  D  E.  And  if  from  D  S  we 
fubftracft  DE,  known  by  the  firft  Obfervation,  there 
will  remain  S  E  the  Parallax,  which  was  to  be 
found. 

The  Third  THE  Parallax  of  a  Phenomenon  may  likewife 
Method.  be  obtained  by  an  Obfervation  of  its  Azimuth  and 
Altitude,  and  by  marking  the  time  between  the 
Obfervation  and  its  arrival  at  the  Meridian.  Let 
plate xx.  HVPO  be  the  Meridian,  V  the  Vertex,  P  the 
r*g-  5*  Pole,  H  O  the  Horizon,  and  V  B  a  vertical  Cir¬ 
cle  paffing  thro’  the  true  and  apparent  place  ;  thro* 
which  draw  alfo  Circles  of  Declination  P  S  C, 
PE.  The  Arch  of  the  Horizon  BO  is  the  Azi¬ 
muth  of  the  Star ,  which  muft  be  obferved,  in 
the  manner  we  fhewed  in  our  laft  LeSlure.  Ob¬ 
ferve  likewife  the  Arch  V£,  the  diftance  of  the 
Phenomenon  from  the  Vertex,  and  mark  the  Mo¬ 
ment  of  Time  when  thefe  Obfervations  are  made. 
Then  ftay  till  the  Phenomenon  or  Star  comes  to  the 
Meridian,  and  note  the  Moment  of  its  arrival 
there,  which  may  be  either  done  by  a  Pendu¬ 
lum  Clock,  or  by  an  Obfervation  of  a  Star .  Let; 
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the  diftance  of  Time  between  the  firft:  Obferva-  Ledture 
non  and  the  fecond  of  the  Stars  being  in  the  XXI. 
Meridian,  be  converted  into  Degrees  and  Mi- 
nutes  of  the  Equator,  and  we  fhall  have  the  Arch 
JE  C,  which  meafures  the  Angle  VPS.  There¬ 
fore  in  the  Triangle  VPS  we  have  the  fide  VP 
the  diftance  of  the  Vertex  from  the  Pole,  and  the 
Angles  PVS  and  VPS;  whereby  we  can  find 
the  Arch  V  S  the  true  diftance  of  the  Phenomenon 
from  the  Vertex:  This  being  fubftradled  from 
the  obferved  diftance  V  E,  there  will  remain  the 
Parallax  S  E,  which  Was  to  be  found. 

I  T  is  here  to  be  noted,  that  for  to  reduce  the 
Time  into  Degrees  and  Minutes  of  the  Equator, 
that  the  Time  muft  be  firft  reduced  into  Hours 
and  Minutes  of  the  Primum  Mobile,  or  to  the  Time 
of  the  Revolution  of  the  Heavens,  which  Hours 
are  fomewhat  fliorter  than  the  Solar  Hours :  Or 
if  you  keep  the  Solar  Hours,  you  muft  reckon  for 
each  of  them  1 5  Degrees,  2  Minutes,  27  Seconds, 
and  5 1  Thirds :  And  fo  proportionably  for  the 
reft  of  the  Particles  of  Time. 

SUPPOSE  H  O  an  Arch  of  the  Horizon,  AM  a  Fourth 
the  Meridian,  in  which  P  is  the  Pole,  and  V  the  Method, 
Vertex  of  the  place.  Suppofe  E  the  apparent 
place  of  the  Star  •  before  the  Star  comes  to  the 
Meridian  obferve  the  Arch  V  E  its  diftance  from 
the  Vertex,  and  its  Azimuth  E  V  M  :  Let  the  true 
place  of  the  Star  be  S,  its  Parallax  is  S  E  :  Mark 
the  time  of  the  Obfervarion.  Again,  after  the 
Star  has  paffed  the  Meridian,  obferve  when  it  is 
exadtly  at  the  fame  diftances  from  the  Vertex,  fo 
that  V  e  may  be  equal  to  V  E  :  And  here,  fince 
the  vifible  diftances  of  the  Star  from  the  Vertex 
are  equal,  the  real  diftances  will  be  likewife 
equal,  i.  e.  V  S  =  Vs,  Take  the  Time  between 
the  firft  and  fecond  Obfervation  and  turn  it  into 
Degrees  and  Minutes  of  the  Equator,  and  we  fhall 
have  the  Angle  S  P  s,  the  half  of  which  is  the 
Angle  S  P  V.  Therefore  in  the  Triangle  S  V  P  we 
have  the  Angle  SP  V,  and  the  Angle  S  VP, 
which  is  the  Complement  of  the  Azimuth  to  two 

Right- 
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Tedhire  Right-Angles  ;  alfo  the  fide  VP  the  diftance  of 
XXI.  the  Pole  and  Vertex ;  from  them  we  fiiall  know 
vs  the  true  diftance  of  the  Star  from  the  Ver¬ 
tex,  which  being  fubftracfted  from  V  E,  leaves 
S  E  for  the  Parallax. 

I**/*  THESE  Practices  depend  upon  Obfervations 
of  the  Azimuths  ;  but  without  obfcrving  them 
the  Parallax  may  be  known  by  finding  out  the 
apparent  and  true  Right-Afcenfions ,  and  from 
them  by  Calculation  finding  the  Azimuth  :  For  by 
obferving  the  diftance  of  a  Phenomenon  from  two 
known  Fixed  Stars ,  we  can  compute  its  apparent 
Right- Afcenfion,  according  to  the  Method  ex¬ 
plained  in  LeEiure  XIX :  Then  again,  when  the. 
Star  comes  to  the  Meridian,  by  the  fame  Method 
find  its  Right-Afcenfion,  which  is  the  true  Right- 
Afcenfion,  or  the  point  where  the  Circle  of  De¬ 
clination  palling  thro’  the  true  place  of  the  Star 
cuts  the  Equator.  Knowing  then  the  apparent 
plate  XXI.  Right-Afcenfion  of  the  Star  in  the  Vertical  V  B* 
fig.  i.  an2  point  of  the  Equator  which  at  the  fame 
time  culminates,  we  (hall  likewife  know  the  Angle 
V  P  E :  Therefore  in  the  Triangle  V  P  E  having 
the  fides  VP,  V  E,  and  the  Angle  V  P  E,  we  cari 
find  the  Angle  P  V  E,  which  determines  the  Azi¬ 
muth.  But  having  the  true  Right-Afcenfion  of  the 
Star  as  was  obferved  in  the  Meridian,  ard  the 
point  of  the  Equator  culminating  at  the  firft  Ob¬ 
servation,  the  diftance  between  them  will  give  us 
the  Angle  VPS.  Therefore  in  the  Triangle  VPS 
having  the  two  Angles  VPS  andSPV,  as  alio 
the  fide  V  P,  we  can  find  the  fide  V  S  the  real  di¬ 
ftance  of  the  Star  from  the  Vertex;  which  fub- 
ftradled  from  V  E  leaves  S  E  the  Parallax,  which 
was  to  be  found. 

IN  determining  the  Right-Afcenfions  of  the' 
Stars  we  are  not  to  rely  too  much,  in  fo  nice  an 
Affair  as  the  Parallax  is,  on  a  Pendulum  Clock  for 
determining  the  Time  ;  for  there  the  Error  of  one 
Second  in  numbering  being  made,  will  produce  an 
Error  of  Right-Afcenfion  of  15  Seconds. 
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FOR  to  obferve  the  Right-Afcenfion  of  a  Star, 
there  is  no  need  of  flaying  till  it  comes  to  the 
Meridian  ;  but  it  is  more  ealily  and  certainly  had 
by  two  Obfervations,  one  made  in  the  Eaflern 
Quadrant,  and  the  other  in  the  Weflern  fide  of 
the  Heavens ;  but  both  muft  be  made  when  the 
Star  is  at  the  fame  height  above  the  Horizon :  For 
if  we  take  the  diftance  of  the  Phenomenon  from 
two  known  Fixed  Stars  when  it  is  in  the  Eaflern 
Region,  we  fliali  by  that  means  find  its  apparent 
Right-Afcenfion,  which  is  greater  than  the  true,' 
becaufe  the  Parallax  depreffes  a  Star  more  EafterJy. 

Again,  when  the  Star  defeends  on  the  Weflern 
fide,  and  comes  to  the  fame  height,  let  its  diftance 
be  likewife  obferved  from  two  Fixed  Stars ,  and 
get  from  them  its  apparent  Right- Afcenfion,  which 
is  juft  as  much  lefs  than  the  true,  as  the  former 
exceeded  it.  And  therefore  if  the  Differences  be¬ 
tween  the  two  apparent  Right- Afcenfions  be  half- 
ed,  and  this  half  be  added  to  the  leaft  or  fub* 
flradled  from  the  greateft,  we  fhall  have  the  true 
Right-Afcenfion  or  the  point  in  the  Equator,  where 
it  meets  with  the  Circle  of  Declination  palling 
thro’  the  Star ,  that  is  the  point  C.  But  from  the  TaWe 
Time  of  the  Obfervation  we  have  the  point  of 
the  Equator  which  culminated  at  that  Moment ; 
and  confequently  we  have  the  Arch  JE  C,  and  the 
Angle  iE  PC  meafured  by  it:  Therefore  in  the 
Triangle  VPS,  having  the  fide  V  P,  and  the 
Angles  VPS  and  P  V  S,  we  can  find  the  fide 
V  S  the  true  diftance  of  the  Phenomenon  from  the 
Vertex,  which  fubdudled  from  the  apparent  di¬ 
ftance,  there  willremain  S  E  the  Parallax  required 
The  ealieft  and  beft  way  of  Ending  the  Pa¬ 
rallax  of  Right-Afcenfion  is  by  a  Telefcope,  in 
whole  Focus  are  four  Threads  crofting  one  another 
at  half  Right-Angles,  as  we  fliewed  in  our  XI Xth 
Lecture.  Directing  this  Telefcope  to  the  Star  Table  xxr. 
turn  it  conflantly  round,  till  its  apparent  diurnal 
Motion  appear  to  be  along  the  Thread  AB;  in 
which  Petition  the  Thread  will  reprelent  a  Por¬ 
tion  of  the  Parallel  which  the  Phenomenon  de¬ 
le  ribes  3 
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fcribes  ;  and  the  Thread  C  D  cutting  it  at  Right- 
Angles  will  reprefent  a  Horary  Circle.  Obferve 
therefore  the  Time  when  the  Phenomenon  is  feen 
in  the  Horary  Circle.  The  Telefcope  remaining  thus 
fixed  and  unmoved,  obferve  the  Time  when  any 
other  Star,  whofe  Right- Afcenfion  is  known,  comes 
to  the  fame  Horary  Circle  :  The  diftance  of  Time 
between  the  Appulfe  of  the  Phenomenon  to  the  Ho¬ 
rary  Circle,  and  of  the  Fixed  Star  to  the  fame 
Circle,  being  turned  into  Degrees  and  Minutes  of 
the  Equator  will  fhew  the  Difference  of  Right- 
Afcenfions  of  the  Star  and  the  Phenomenon.  Again, 
when  the  Star  comes  to  the  Meridian  obferve  it 
with  the  Telefcope,  and  by  the  fame  Method  find 
out  its  Right-  Afcenfion,  which  will  be  the  true  one$ 
and  by  it  we  fhall  have  the  point  of  the  Equator, 
where  the  Circle  of  Declination  palling  thro*  the 
true  place  of  the  Star  does  cut  the  Equator.  Ha¬ 
ving  therefore  the  true  Right-Afcenfion  and  the 
apparent,  we  have  their  Difference  or  the  Paral¬ 
lax  of  Right-Afcenfion.  And  becaufe  we  have 
the  apparent  Right-Afcenfion  and  the  point  of  the 
Equator  then  culminating,  we  have  the  Arch  of 
the  Equator  intercepted  between  them,  which  is 
the  meafure  of  the  Angle  V  P  E.  Therefore  in 
the  Triangle  V  P  E  we  have  the  fides  VP,  PE, 
and  the  Angle  V  PE,  whence  we  find  the  Angle 
P  V  E.  From  the  Angle  V  P  E  take  the  Angle 
S  P  E  the  Parallax  of  Right-Afcenfion,  and  we  fliali 
have  the  Angle  VPS.  Laftly,  In  the  Triangle 
VPS,  having  the  Angles  VPS  and  P  V  S,  together 
with  the  fide  V  P,  we  can  from  them  find  the 
fide  V  S,  the  true  diftance  of  the  Star  from  the 
Vertex,  which  being  fubdudted  from  the  apparent 
diftance,  leaves  the  Parallax  that  was  to  be  found. 

I  F  the  Phenomenon  have  a  proper  Motion  of 
its  own,  its  Right-Afcenfion  will  confiantly  be 
changed  by  this  Motion,  unlefs  it  fhould  happen 
to  move  in  fome  Circle  of  Declination  :  And 
therefore  Care  mnft  be  taken  to  determine  the 
Change  of  Right-Afcenfion  that  arifes  by  the 
Motion  of  the  Star  ;  which  is  done  bv  obferving 

the 
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the  Right-Afcenfion  of  the  Star  when  it  is  in  the  Ledhire 
Meridian ;  and  the  next  Day  let  its  Right-Afien-  XXI. 
(ion  be  in  the  fame  manner  obferved.  The  Diffe- 
rence  of  thefe  Right-Afcenfions  will  fhew  the 
Change  that  the  Right-Afcenfion  has,  for  the  Time 
between  the  two  Obfervations :  And  from  them 
we  can  find  the  Change  of  Right-Afcenfion  or  the 
Motion  of  the  Phenomenon  along  the  Equator  in  a 
Day  :  From  this  diurnal  Motion  we  can  find  by 
proportioning  the  Motion  for  any  given  Time. 

For  Example,  If  the  diurnal  Motion  according  to 
the  Equator  be  30  Min.  that  is,  fuppofe  the  Phe¬ 
nomenon  advanced  according  to  the  Equator  every 
Day  30  Minutes  :  And  fuppofe  the  Time  between 
the  Obfervation  on  the  Eaftern  fide  of  the  Hea¬ 
ven,  and  that  in  the  Meridian  be  fix  Hours,  the 
Motion  according  to  the  Equator  in  that  time  is 
7  |  Minutes  ;  let  the  Difference  of  Right-Afcen¬ 
fion  obferved  in  the  Vertical  and  in  the  Meridian 
be  20  Minutes,  Seven  and  a  half  of  thofe  Minutes 
are  owing  to  the  proper  Motion  of  the  Body  • 
wherefore  the  Parallax  of  Right-Afcenfion  is  nf 
Minutes. 

AFTER  the  fame  manner  by  the  apparent 
and  real  Longitude  of  a  Phenomenon  the  Paral¬ 
laxes  may  be  inveftigated.  The  apparent  Longi¬ 
tude  is  found  by  obferving  the  diftance  of  a  Phe¬ 
nomenon  from  two  Fixed  Stars  whofe  Longitudes* 
and  Latitudes  are  known.  And  rhe  true  Longitude 
is  had  by  making  the  fame  Obfervations  when’ 
the  Star  is  in  the  90 th  Degree  of  the  Ecliptick,' 
where  the  apparent  and  true  Longitudes  coincide. 

B  Y  thefe  and  the  like  Methods  if  any  Pheno¬ 
menon  has  a  Parallax  not  lefs  than  one  Minute  ic 
may  be  found  out.  In  the  Moon  we  find  the 
Parallax  very  confiderable,  which  in  the  Horizons 
amounts  to  about  a  Degree  or  more.  But  there 
are  fome  particular  Methods  only  applicable  to  the 
Moon,  by  which  its  Parallax  is  known. 

I  N  an  Eclipfe  of  the  Moon  obferve  when  boxh 
its  Horns  are  in  the  fame  vertical  Circle,  and  ringriepa- 
then  in  that  Moment  take  the  Altitudes  cf  both  ra  axof\fa 
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Lecture  Horns  :  The  Difference  of  thefe  two  Altitudes 
XXI.  being  halfed  and  added  to  the  lead,  or  fubftracfted 
from,  the  greateft,  does  give  nearly  the  vifible  AT 
titude  of  the  Moon’s  Center :  But  the  true  Alti¬ 
tude^  nearly  equal  to  the  Altitude  of  the  Center 
of  the  Shadow  at  that  time.  Now  we  know  the 
Altitude  of  the  Center  of  the  Shadow,  becaufe 
we  know  the  place  of  the  Sun  in  the  Ecliptick, 
and  its  Depreftion  under  the  Horizon,  which  is 
equal  to  the  Altitude  of  the  oppofite  point  of  the 
Ecliptick,  in  which  is  the  Center  of  the  Shadow. 
And  therefore  we  have  the  true  Altitude  of  the 
Moon  and  the  apparent  Altitude,  whole  difference 
is  the  Parallax,  which  will  therefore  be  known. 
Tables  of  AS  the  diftance  of  the  Moon  grows  lefs,  ac- 
r ar allaxes ?  c °rding  as  it  recedes  from  its  Apogceum ,  her  Paral¬ 
lax  mult  in  the  fame  proportion  be  encreafed, 
conftantly  the  nearer  fhe  comes  to  us.  Therefore 
the  Artifts  make  Tables  which  fhew  the  horizon¬ 
tal  Parallax  for  every  Degree  of  its  Anomaly. 

THE  Methods  we  have  given  for  finding  the 
Parallaxes  fhew  that  the  Moon  has  a  great  Paral¬ 
lax,  and  is  very  near  us ;  but  none  of  them  is 
fuflicient  for  finding  out  the  Parallax  of  the  Sun  : 
For  that  is  fo  fmall,  that  the  Obfervations  requi¬ 
site  cannot  be  made  accurately  enough  for  to  de¬ 
termine  it ,  for  an  Error  in  obferving  can  fcarcely 
be  avoided,  which  is  not  equal  or  greater  than 
the  Sun’s  Parallax.  This  defedl  of  Obfervations 
put  the  Antient  Aflronomers  on  the  fearch  of  other 
Methods  peculiar  to  the  Sun  for  finding  out  its 
Parallax :  But  even  thofe  Methods,  though  they 
make  manifeft  the  Acutenefs  and  Sagacity  of  the 
Antients,  yet  are  not  fufficient  in  fo  nice  and 
fubtle  a  Difquifition.  However,  they  are  ufeful  to 
fhew  that  the  diftance  of  the  Sun  from  the  Earth 
is  very  great  in  comparifon  of  the  Moon’s  diftance 
from  the  fame :  And  therefore  it  will  not  be  un¬ 
fitting  to  explain  them  in  this  place. 

Hlppar-  THE  fxrft  Method  was  invented  by  th'ppar- 
tbodf  ^b  an<^  ^as  keen  made  ufe  of  by  Ptolemy  and 

A’ltaUax  of  his  Followers,  and  many  other  Aflronomers .  It 
the  tun,  depends 
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depends  on  an  Obfervation  of  an  Eclipfe  of  the  Lecture 
Moon  :  And  the  Principles  on  which  it  is  founded  XXL 
are.  Fir  ft.  In  a  Lunar  Eclipfe  the  horizontal  Pa-  VjryNj 
rallax  of  the  Sun  is  equal  to  the  difference  be¬ 
tween  the  apparent  Semidiameter  of  the  Sun  and. 
half  the  Angle  of  the  Conical  Shadow  j  which  is 
eafily  made  out  in  this  manner.  Let  the  Circle  Plate  Xxi« 
A  F  G  reprefent  the  Sun  and  D  H  E  the  Earth  ;  let  tlg’ 

DH  M  be  the  Shadow  and  DM  C  the  half  Angle 
of  the  Cone.  Draw  from  the  Center  of  the  Sun 
the  Right-Line  S  D  touching  .the  Earth,  and  the 
Angle  D  S  C  is  the  apparent  Semidiameter  of  the 
Earth  feen  from  the  Sun,  which  is  equal  to  the 
horizontal  Parallax  of  the  Sun  ;  the  Angle  ADS 
is  the  apparent  Semidiameter  of  the  Sun  feen  from 
the  Earth  :  The  external  Angie  ADS  is  equal  to 
the  two  internals  D  M  S  and  D  S  M,  by  the  3 id 
Prop.  Elem.  I.  And  therefore  the  Angle  D  S  M 
or  D  S  C  is  equal  to  the  Difference  of  the  Angles 
ADS  and  D  M  S.  idly,  Half  the  Angle  of  the 
Cone  is  equal  to  the  difference  of  the  horizontal 
Parallax  of  the  Moon  and  the  apparent  Semidia¬ 
meter  of  the  Shadow,  feen  from  the  Earth  at  the 
diftance  of  the  Moon.  For  let  CDE  be  the  Earth,  Plate  xxu 
CME  the  Shadow,  which  at  the  diftance  of  the  l'lg* 
Moon  being  cut  by  a  Plane,  the  Secftion  will  be 
the  Circle  F  L  H,  whofe  Semidiameter  is  F  G, 
and  is  feen  from  the  Center  of  the  Earth  under  the 
Angle  F  T  G.  But  by  the  32 d  Prop.  Elem.  I.  the 
Angle  C  F  T  is  equal  to  the  two  internals  F  M  T| 
and  F  T  M.  Wherefore  the  Angle  F  M  T  is  the 
difference  of  the  two  Angles  CFT  and  G  T  F  : 

But  the  Angle  C  F  T  is  the  Angle  under  which  the 
Semidiameter  of  the  Earth  is  feen  from  the  Moon, 
and  this  is  equal  to  the  horizontal  Parallax  of  the 
Moon  ;  and  the  Angle  G  T  F  is  the  apparent  Se¬ 
midiameter  of  the  Shadow  feen  from  the  Earth’s 
Center.  It  is  therefore  evident  that  the  half  .Angle 
of  the  Cone  is  equal  to  the  difference  of  the  hori¬ 
zontal  Parallax  of  the  Moon  and  the  apparent 
Semidiameter  of  the  Shadow  feen  from  the  Earth. 

Wherefore  if  to  the  apparent  Semidiameter  of  the 

S  2  »i  Sun 
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Le&Ufe  Sun  there  be  added  the  apparent  Semidiameter  of 
XXI.  the  Shadow,  and  from  the  fum  you  take  away  the 
C/'V'V)  horizontal  Parallax  of  the  Moon,  there  will  remain 
the  horizontal  Parallax  of  the  Sun  5  which  there¬ 
fore  if  fhefe  were  accurately  known,  would  be 
likewife  known  accurately  :  But  none  of  them  can 
be  fo  exa&ly  and  nicely  obtained  as  to  be  fuffi- 
cient  for  determining  the  Parallax  of  the  Sun  ;  for 
Very  fmall  Errors  which  cannot  be  eafily  avoided 
in  meafuring  thefe  Angles,  will  produce  very 
ttippar*  great  Errors  in  the  Parallax  5  and  there  will  be  a 
tbodSit!fu%-  f&odig  ibus  difference  in  the  diftances  of  the  Sun 
dm.  when  drawn  from  thefe  Parallaxes*  For  Ex¬ 
ample,  Suppofe  the  horizontal  Parallax  of  the 
Moon  to  be  6 o'.  15",  the  Semidiameter  of  the 
Sun  16',  and  the  Semidiameter  of  the  Shadow 
44'.  30'';  we  fhould  conclude  from  thence  that 
the  Parallax  of  the  Sun  was  15",  and  his  diftance 
from  the  Earth  about  13700  Semidiameters  of  the 
Earth.  But  if  there  be  an  Error  committed,  in 
determining  the  Semidiameter  of  the  Shadow,  of 
12"  in  defedl,  ( and  certainly  the  Semidiameter  of 
the  Shadow  cannot  be  had  fo  precifely  as  not  to 
be  liable  to  fuch  an  Error )  that  is,  if  inflead  of 
44'.  30"  we  put  44f.  18"  for  the  apparent  Diame¬ 
ter  of  the  Shadow,  all  the  others  remaining  a$ 
before,  we  (hall  have  the  Parallax  of  the  Sun  3", 
and  its  diftance  from  the  Earth  almoft  70000  Se¬ 
midiameters  of  the  Earth,  which  is  five  Times 
more  than  what  it  was  by  the  firft  Pofition.  But 
if  the  fault  were  in  excefs,  or  the  Diameter  of  the 
Shadow  exceeded  the  true  by  12"$  fo  that  we 
ihould  put  it  44'.  42",  the  Parallax  would  arife 
to  27",  and  the  diftance  of  the  Sun  only  7700  of 
the  Earth's  Semidiameter  ;  which  is  nine  times  lefs 
than  what  it  comes  to  by  a  like  Error  in  defecft. 
If  an  Error  in  defedt  was  committed  of  15", 


which  is  ftill  but  a  fmall  Miftake,  the  Sun’s  Pa¬ 
rallax  would  be  equal  to  nothing,  and  his  di¬ 
ftance  infinite.  Wherefore  fince  front  fo  fmall 
Miftakes  the  Parallax  and  diftance  of  the  Sint 
vary  fo  much,  it  is  plain  that  the  diftance  of 
&he  Sun  cannot  be  obtained  by  this  Method. 

since: 
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(SINCE  therefore  the  Angle  that  the  Earth’s  Lecture 
Semidiameter  fubtends  at  the  Sun  is  fo  fmall,  that  XXL 
it  cannot  be  determined  by  any  Obfervation ; 
Arijiarchus  Sami  us,  an  Antient  and  great  Pbilofo-  Aritfkr- 
i  fher  and  Aftronomer,  contrived  a  very  ingenious 
'  way  for  finding  the  Angie  which  the  Semidiameter  sun's  dL* 
of  the  Moon’s  Orbit  fubtends  when  feen  from  fiance, 
the  Sun  :  This  Angle  is  about  fixty  times  bigger 
than  the  former  fubtended  only  by  the  Earth’s 
j  Semidiameter.  For  to  find  this  Angle,  he  lays 
down  the  following  Principles. 

I  N  that  Letture  where  we  explained  the  Pha- 
fes  of  the  Moon,  we  fhewed  that  if  a  Plane  parted 
thro’  the  Moon’s  Center,  to  which  the  Line  joyn- 
ing  the  Sun  and  Moon’s  Center  was  perpendicu¬ 
lar,  this  Plane  would  divide  the  illuminated  He- 
mifphere  of  the  Moon  from  the  dark  one  :  And 
therefore  if  this  Plane  fhould  likewife  pafs  thro* 
the  Eye  of  a  Spectator  on  the  Earth,  the  Moon 
would  appear  bifedted  or  like  a  half  Circle ;  and 
a  Right  Line  drawn  from  the  Earth  to  the  Center 
of  the  Moon  would  be  in  the  Plane  of  Illumina¬ 
tion,  and  confequently  would  be  perpendicular 
to  the  Right-Line  which  joins  the  Centers  of  the 
Sun  and  Moon.  Let  S  be  the  Sun  and  T  tbeTabJe 
Earth,  ALf  a  Quadrant  of  the  Moon’s  Orbit  ;  Fl§‘ 
and  let  the  Line  S  L  drawn  from  the  Sun  touch 
the  Orbit  of  the  Moon  in  L  ;  the  Angle  TLS 
will  be  a  Right-Angle  :  And  therefore  when  the 
Moon  is  feen  in  L  it  will  appear  bifedted  or  juft 
half  a  Circle.  At  the  fame  time  take  the  Angle 
L  T  S  the  Elongation  of  the  Moon  from  the  Sun, 
and  then  we  fhall  have  the  Angle  L  S  T  its  Com¬ 
plement  to  a  Right-Angle.  But  we  have  the  fide 
TL,  by  which  we  can  find  the  fide  S  T,  the 
diftance  of  the  Sun  from  the  Earth. 

BUT  the  difficult  point  is  to  determine  ex-  Arifiar- 
adtly  the  Moment  of  Time  when  the  Moon  is 
bifedted,  or  in  its  true  Dichotomy;  for  there  is  a  cunt, 
confiderable  fpace  of  Time  botk  before  and  after 
the  Dichotomy ;  nay,  even  in  the  Quadrature,  when 
the  Moon  will  appear  biledted  or  half  a  Circle; 

S3  fo 
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Lecture  fo  that  rhe  exadl  Moment  of  Bifedtion  cannot  be 
XXL  known  by  Obfervarion,  as  Experience  tells  us: 
This  can  be  alfo  made  out  by  the  following  reafon. 
'dn  the  LeBuxe’  concerning  the  Phafes  of  the  Moon, 
it  was  demonftrated  that  the  Diameter  of  the 
E^rth  was  to  the  Portion  of  it  illuftrared  by  the 
Sun,  and  feen  by  us,  as  the  Diameter  of  a  Circle 
is  to  the  Verfed  Sine  of  the  Elongation  of  the  Moon 
from  the  Sun,  nearly:  But  accurately  it  is  as  the 
Diameter  of  a  Circle  to  the  Verfed  Sine  of  the 
exterior  Angle  at  the  Moon,  of  the  Triangle  form¬ 
ed  by  Lines  joining  the  Centers  of  the  Sun,  Earth 
and!  Moon,  as  we  {hewed  in  the  LeSlure  concern¬ 
ing  the  Phafes  of  Venus .  Let  vus  fuppofe  in  the 
time  of  true  Dichotomy  or  Bifedtion,  that  the  An¬ 
gle  L  S  T  is  15',  and  that  the  Semidiameter  of 
the  Lunar  Orbit  were  60  Semidiameters  of  the 
Earth  ;  the  diftance  of  the  Sun  would  in  that  Cafe 
be  13758  of  the  Earth’s  Semidiameters.  This  be¬ 
ing  fuppofed,  let  us  imagine  the  Moon  to  be  in 
her  Quadrature  at  q  y  that  is,  let  the  Angle  qT  S 
be  a  Right-Angle,  the  exterior  Angle  of  the  Tri¬ 
angle  q  TS  at  q  would  be  90°.  15',  whofe  Verfed 
Sine  is  equal,  to  the  Radius  and  the  Right  Sine 
of  15'  together :  Therefore  as  the  Diameter  of  a 
Circle  is  to  the  Radius  -\y  Sine  1 5'  ;  fo  is  the  Di¬ 
ameter  of  the  Moon  to  that  part  of  it  which  is 
illuftrared  by  the  Sun,  and  feen  from,  the  Earth. 
Wherefore  taking  half  the  Antecedents,  and  by" 
Divilion  of  Ratio,  the  Radius  will  be  to  the 
Right  Sine  of  i  5',  as  is  the  Semidiameter  of  the 
Moon  to  that  excefs,  wherewith  the  illuminated 
part  feen  from  the  Earth  is  greater  than  half  the. 
Moon’s  Diameter.  Now  the  Sine  of  15'  is  4 36, 
of  fuch  parts  as  the  Radius  is  1 00000,  add  the 
apparent  Semidiametef  of  the  Moon  is  about  15' : 
Say  therefore,  as  100000  is  to  43 6,  fo  is  15'  to  a 
fourth,  which  is  lefs  than  4" ;  but  this  is  fo  fmall 
a  Quantity,  that  it  is  not  in  the  Ieaft  to  be  per¬ 
ceived  by  our  Senfes :  And  therefore  the  Moon, 
even  in  the  Quadratures,  has  its  Illumination  ex¬ 
ceeding  the  bifedled  Illumination  by  fuch  a  quan- 
r  ;  ■“  *  ...  -  tity 
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tity  as  is  altogether  imperceptible :  But  if  the  real  Ledture 
Dichotomy  or  Bifedtion  were  in  the  Quadrature,  XXL 
the  diftance  of  the  Sun  would  be  in  Infinite  • 
for  in  that  cafe  the  Angles  S  T  q  and  S  q  T:  being 
right,  the  Lines  S  T  *  and  S  cj  would  be  pa¬ 
rallel,  and  would  not  meet  but  at  an  infinite 
diftance. 
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: idly ,  S  U  P  P  O  S  E  the  Elongation  of  the  Moon 
from  the  Sun  89°.  30':  In  that  cafe  the  exterior 
Angle  at  the  Moon  is  89°.  45',  and  its  Verfed  Sine 
equal  to  the  Radius  bating  the  Right  Sine  of  15'. 
And  becaufe  as  the  Radius  is  to  the  Verfed  Sine  of 
the  exterior  Angle,  that  is,  to  the  Radius  dimi- 
nifhed  by  the  Sine  of  15' ;  fo  is  the  Semidiameter 
of  the  Moon  to  that  part  of  it  which  is  illuftratecT 
and  feen  by  us 5  then  by  Divifion  of  Ratio,  the" 
Radius  will  be  to  the  Sine  of  15';  as  is  the 
Moon’s  Semidiameter  to  that  part  whereby  the. 
Semidiameter  of  the  Moon  is  greater  than  the  il-: 
luminated  part  thereof  which  is  feen  by  us  ;  which 
therefore  (  as  in  the  former  Cafe )  will  be  fcarce 
4" :  Now  the  Moon  wanting  but  fo  fmall  a  por- 
tion  to  be  intirely  bifedted,  will  appear  to  us  as 
if  flie  were  really  bifedted ;  fo  that,  its  Rhafis  can 
in  no  wife  be  diftinguifhed  from  the  true  Phafis 
of  a  Dichotomy  :  And  therefore  if  this  apparent 
Phajis  fhould  be  taken  for  the  true  Phafis  of  the 
Dichotomy ,  which  is  half  a  Degree  diftapt  from 
the  Quadrature,  we  fhould  find  the  diftance  of 
the  Sun  from  us  to  be  6876  Sem.idiameters  of  the 
Earth.  .  •  *  *  .0  ^0 

OBSERVATIONS  inform  us,  that  when 
the  Moon  is  30  Min.  diftant  from  the  Quadra¬ 
tures  it  appears  bifedfced  ;  and  in  the  Quadrature 
it s  Phafs  cannot  he  perceived  to  be  different  frorat 
a  bifedfced  Phafis :  Nay,  the  Moon  obferved  with, 
the  beft  Telefcopes,  after  it  has  paft  the  Quadra¬ 
tures,  appears  bifedted,  as  R/caWw’.himfelf  acknow¬ 
ledges  in  his  Alm.egejl ,  p.  734.  And  therefore  the 
Moon,  at  leaft:  for  the  fpace  of  one  Hour,  appears, 
to  be  bifedted,  in  which  time  any  Moment  may 
he  taken  for  the  true  point  of  the  Dichotomy ,  as. 

S  4  well 
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3Ud:iire  well  as  any  other:-  And  for  the  infinite  Num- 
XXI.  ber  of  Moments  of  Time,  we  fhali  have  an  infi- 
j [^rsj  nite  diverfity  of  Diitances  of  the  Sun  from  the 
Earth  :  And  confequentiy  the  true  diftance  of  the 
Sun  from  the  Earth  eanndt  be  obtained  by  this 
Method. 

SINCE  the  Moment  in  which  the  true  DU 
chotomy  happens  is  uncertain,  but  it  is  certain  that 
it  happens  before  the  Quadrature ;  Rjcciolus  takes 
that  point  of  Time  which  is  in  the  middle,  be- 
“  tween  the  Time  that  the  Phafis  begins  to  be 

doubtful  whether  it  be  bifedted  or  nor,  and  the 
tTime  of  Quadrature:  But  he  had  done  righter, 
if  he  had  taken  the  middle  point  between  the 
iTime,  when  it  becomes  doubtful  whether  the 
Moon’s  fide  is  concave  or  {freight,  and  the 
iTirne  again  when  it  is  doubtful  whether  it  is 
ftreight  or  convex;  which  point  of  Time  is  after 
the  Quadrature;  And  if  he  had  done  this,  he 
wou!d  have  found  the  Sun’s  diftance  a  great  deal 
bigger  than  he  has  made  it. 

vJ^nled  to  T  HERE  is  now  no  need  to  confine  this  Me- 
confine  tb is  thod  to  the  Phafis  of  a  Dichotomy  or  Bifecftion,  for 
Method  to  ft  can  be  as  well  perform’d  when  the  Moon  has 
h  eBifc3i0n.  a^Y  other  Phafis  bigger  or  lei's  than  a  Dichotomy  : 

For  oblerve  by  a  very  good  Telefcope  with  a  Mi¬ 
crometer  the  Phafis  of  the  Moon,  that  is,  the  pro¬ 
portion  of  the  illuminated  part  of  the  Diameter 
to  the  whole ;  and  at  the  fame  Moment  of  Time 
take  her  Elongation  from  the  Sun :  The  iiluftrated 
part  of  the  Diameter,  if  it  be  lefs  than  the  Semi¬ 
diameter,  is  to  be  fubducfted  from  the  Semidiame¬ 
ter  ;  but  if  it  be  greater,  the  Semidiameter  is  to 
be  fubducfted  from  it,  and  mark  the  refid ue  :  Then 
fay,  as  the  Semidiameter  of  the  Moon  is  to  the 
refidue,  fo  is  the  Radius  to  the  Sine  of  an  An¬ 
gle,  which  is  therefore  found  :  This  Angle  added 
to,  or  fubftradted  from  a  Right- Angle,  gives  the 
exterior  Angle  of  the  Triangle  at  the  Moon  :  But 
we  have  the  Angle  at  the  Earth,  which  is  the 
Elongation  obferved  ;  which  therefore  being  fub- 
duded  from  the  exterior  Angle>  leaves  the  Angle 
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at  the  Sun.  And  in  the  Triangle  S  L  T,  having  Lecture 
ail  the  Angles  and  one  fide  L  T,  we  can  find  the  XXI. 
other  fide  S  T,  the  diftance  of  the  Sun  from  the 
Earth.  But  it  is  aimoft  impoilible  to  determine 
accurately  the  Quantity  of  the  Lunar  Phafis,  fo 
that  there  may  not  be  an  Error  of  a  few  Seconds 
committed  ;  and  consequently  we  cannot  by  this 
Method  find  precifely  enough  the  true  diftance  of 
the  Sun.  However,  from  fuch  Obfervations  we 
are  fure  that  the  Sun  is  above  7000  Semidiameters 
of  the  Earth  diftant  from  us.  Siuce  therefore  the  The  Sun's 
true  diftance  of  the  Sun  can  neither  be  found  try 
Eclipfes,  nor  by  the  Phafes  of  the  Moon,  the  A- may  he  de- 
ftronomers  are  forced  to  have  recourfe  to  the  Paral-  d^edpa^m 
faxes  of  the  Planets  that  are  next  to  us,  as  Mars  \ax  0f  the 
and  Venus ,  that  are  fometimes  much  nearer  to  us  *  tenets* 
than  the  Sun  is :  Their  Parallaxes  they  endeavour 
to  find  by  feme  of  the  Methods  above  explained : 

And  if  thefe  Parallaxes  were  known,  then  the  Pa*- 
rallax  and  diftance  of  the  Sun,  which  cannot  di- 
redly  by  any  Obfervations  be  attained,  would 
eafily  be  deduced  from  them.  For  from  the  Theo¬ 
ry  of  the  Motions  of  the  Earth  and  Planers,  we 
know  at  any  time  the  proportion  of  the  diftances 
of  the  Sun  and  Planets  from  us  ;  and  the  hori¬ 
zontal  Parallaxes  are  in  a  reciprocal  Proportion 
to  thefe  diftances.  Wherefore  knowing  rhe  Pa¬ 
rallax  of  a  Planer,  we  may  from  thence  find  the 
Parallax  of  the  Sun. 

MA£{S,  when  he  is  an  Acronychal  Portion, 
that  is,  oppofite  to  the  Sun.  is  twice  as  near  to  us  as  MarS  in  an. 
the  Sun  is  ;  and  therefore  his  Parallax  will  be  twice  Acronyebd 
as  great.  But  Venus  when  fhe  is  in  her  inferior  l>°flUon' 
Conjunction  with  the  Sun,  is  four-times  nearer 
ro  us  than  he  is,  and  her  Parallax  is  greater  in 
the  fame  proportion  :  Therefore,  tho’  the  extream 
fmalnefs  of  the  Sun’s  Parallax  renders  it  unob- 
fervable  by  our  Senfes,  >et  the  Parallaxes  of  Mars 
or  Venus  which  are  twice  or  four-rimes  greater, 
may  become  fenfible.  The  Aftronomers  have  be¬ 
llowed  much  Pains  in  finding  out  the  Parallax  of 
Mars  5  but  of  late  Mars  was  in  his  Oppofition 

to 
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Lecture  to  the  Sun,  and  alfo  in  his  Perihelion ,  and  con- 
XXI.  fequently  in  his  neareft  approach  to  the  Earth : 
And  then  he  was  moft  accurately  obferv’d  by 
two  of  the  moft  eminent  Aftronomers  of  our  Age, 
who  have  determined  his '‘Parallax  to  have  been 
fcarce  30  Seconds ;  from  whence  we  can  eafily 
colled:  that  the  Parallax  of  the  Sun  is  fcarce  n 
Seconds,  and  his  diftance  about  19000  Semidi¬ 
ameters  of  the  Earth. 

the  TdraU  BY  an  Obfervation  of  the  Body  of  Venus  (een 
Sun  found  pafling  over  the  Body  of  ;  the  Sun,  which  will 
ly  obferving  happen  in  May  1761,  Dr.  Halley  has  ftiewed  a 

Ending  r^e  Par^hax  and  Diftance  of 
Sun.  the  Sun  to  a  great  nicety,  vi%.  within  a  five 
hundredth  part  of  the  whole ;  and  we  muft  wait 
till  then  before  it  can  be  determin’d  to  fo  great 
an  exadnefs. 

BECAUSE  the  Method  whereby  the  Aftro- 
ncmers  foretei  Eclipfes  of  the  Sun  requires  that 
the  Moon’s  Parallax  both  as  to  Longitude  and 
Latitude  fhould  be  known  by  Calculation  :  And 
alfo  as  often  as  the  Moon’s  place  in  the  Heavens 
is  to  be  obferved,  that  it  may  be  compared  to  the 
place  found  out  by  Aftronomical  Tables,  in  order 
to  eftablifh  her  Theory,  it  will  be  necelfary  to  re¬ 
duce  the  true  place  found  by  the  Tables  to  her 
apparent  place,  which  cannot  be  done  without, 
the  Calculation  of  the  Parallax :  It  will  be  convex 
nient  to  explain  the  Method  by  which  the  Moon’s 
Parallax  for  any  point  of  Time  is  to  be  calculated. 
Bow  the  FIRST,  by  Aftronomical  Tables  compute  the 
VaUdx-'uto  place  °f  the  Moon  in  the  Ecliptick  and  her  La- 
te  found  for titude,  for  the  given  Time.  In  the  Figure  fuppofe 
any  time  ly  pj  q  t{ie  Horizon,  HZO  the  Meridian,  Z  the 
Caicu  atwn.  yercex^  p  C  the  Ecliptick,  in  which  let  L  be  {the, 

place  of  the  Moon,  found  by  the  Tables.  And 
firft,  let  us  fiippofe  the  Moon  to  be  without  Lati¬ 
tude.  From  the  Vertex  Z  let  fall  upon  the  Eclip- 
tick  the  perpendicular  ZwA,  which  will  be  there- 
Table  xxi. fore  a  Circle  of  Latitude;  And  the  point  #  will 
Fig.  6 .  be  the  90 th  Degree  of  the  Ecliptick.  From  the 
Time  givept  we  have  the  Right'Afcenfion  of  the 

-  Sun, 
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Sun,  and  his  Equatorial  diftance  from  the  Meri-  Ledfure; 
dian  :  From  thence  we  (hall  find  the  point  of  the  XXI. 
Equator  culminating,  which  is  the  Right-Afcen- 
(ion  of  Mid-Heaven,  or  of  that  point  of  the  E- 
cliptick  which  culminates  :  And  therefore  we  know 
that  point  which  is  then  in  the  Meridian,-  as  alfo 
the  Angle  ZEN  of  the  Ecliptick  and  Meridian. 

This  is  either  found  by  the  Calculation  we  ex¬ 
plained  in  the  fpherical  Dodtrine,  or  by  Tables  of 
Ajlronomy :  By  this  means  we  find  the  Arch  EL; 
but  we  have  the  Arch  E  M  the  Declination  of 

f  _  f  r  j 

the  point  E,  and  confequently  the  Arch  Z  E  will 
be  known.  Therefore  in  the  Right-angled  Tri¬ 
angle  Z  n  E,  we  have  the  fide  Z  E  and  the  Angle 
Z  E  n.  Hence  we  can  find  E  n  and  the  point  n 
or  the  point  of  the  90 th  Degree,  and  the  Arch 
Z  n  its  diftance  from  the  Vertex  j  whofe  Comple¬ 
ment  72  A  is  the  meafure  of  the  Angle  that  the 
Horizon  and  the  Ecliptick  make :  And  becaufe 
we  have  the  place  of  the  Moon  we  mult  have  the 
Arch  n  L.  Therefore  in  the  Right-angled  Trian¬ 
gle  ZwL,  having  the  tides  Z  n  and  n  L,  we 
Ihall  have  from  them  the  Angle  Z  L  n,  which  is 
called  the  Paraltafticl d  Angle ,  as  likewife  the  fide  The  Pa- 
Z  L,  the  diftance  of  the  Moon  from  the  Vertex. 

Let  the  Radius  be  to  the  Sine  of  the  Arch  Z  L, '  n°e‘ 
as  the  horizontal  Parallax  of  the  Moon  taken  from 
the  Tables  to  its  Parallax  in  L,  which  there¬ 
fore  is  found.  Let  it  be  0  L.  From  0  on  the 
Ecliptick  let  fall  the  Perpendicular  0  m.  And  in 
the  Triangle  oLm  (which  being  very  fmall, 
may  be  taken  for  a  redtilinear  one  )  we  have  be- 
fides  the  Right-Angle,  the  fide  L  0  and  the  An¬ 
gle  ohm  equal  to  ZLh;  wherefore  we  fhall 
find  out  the  Arch  Lm  the  Parallax  of  Longitude, 
and  0  m  the  Parallax  of  Latitude,  which  were  po 
be  found.  ,  ; . 

SUPPOSE  tjow.  the  Moon  has  fome  Lati-' 
tude.  and  its  place  in  the  Ecliptick  be  the  point 
L,  but  let  it  be  placed  in  the  Circle  of  Latitude 
L  P  at  P.  And  becaufe  the  Angle  n  L  P  is  right, 
and  we  have  the  Angle  «LZ  and  its  Comple¬ 
ment 
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JLe&ure  ment  ZLP;  In  the  Triangle  ZLP  we  have 
XXL  two  fides,  Z  L  which  was  found  before,  and  L  P 
t^ie  Moon’s  Latitude,  and  the  Angle  ZLP, 
whereby  we  can  find  out  the  fide  Z  P,  and  the 
Angle  Z  P  L.  Let  the  Radius  be  to  the  Sine 
of  the  Arch  ZP,  as  the  horizontal  Parallax  of 
the  Moon  to  a  fourth,  which  will  be  P  q :  This 
swill  be  the  Parallax  of  the  Moon  in  the  Circle  of 
Altitude.  Let  qd  be  an  Arch  parallel  to  the  E- 
cliptick  ;  and  in  the  lmall  Triangle  P  d  q9  which 
may  be  taken  as  a  Right-angled  Triangle,  we 
Lave  the  Angle  d  P  q,  which  is  the  Complement  of 
the  Angle  Z  P  L  to  two  Right-Angles,  and  the  fide 
p  r-  Therefore  we  fhali  have  P  d  the  Parallax 
of  Latitude,  and  qd  the  Parallax  of  Longitude: 
For  becaufe  the  Latitude  of  the  Moon  is  but  fmall, 
the  Arch  of  the  Parallel  dq  is  nearly  equal  to 
the  Arch  of  the  Ecliptick  which  is  correfpondent 
to  it. 

*•  -*•**■; 
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LECTURE  XXII. 


The  Theory  of  the  Annual  Motion  of  the 

EARTH. 

pi:0§ITHERTO  we  have  given  an  Ac- 
it  count  of  the  general  AffeSions  of  the 
III  Planets  Motions,  and  have  explained 

r^e  Appearances  which  arife  from  their 
Motions  and  the  Motions  of  the  Earth 
together.  We  will  now  come  to  their  particular 
Theories,  in  which  the  Period  of  each,  its  Di- 
ftance  from  the  Sun,  the  Form  of  its  Orbit,  and 
its  Pofition  are  determined;  which  being  once 

known., 
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known^  the  Place  of  any  Planet  in  the  % cdiacl ^  Lecture 
may  be  computed  for  any  given  Time.  And  be-  XXIL 
caule  the  Theories  of  the  Planets  are  founded  on 
the  Motion  of  the  Earth ,  and  are  inveftigated  by 
this  Motion,  it  will  be  neceffary  to  begin  with 
the  Theory  of  the  Earth. 

I  N  our  VIU/j  LeElure  we  {hewed  how  the 
Motion  of  the  Earth  round  the  Sun  was  the  caufe 
of  the  Appearance  of  the  annual  Motion  of  th e 
Sun  in  the  Ecliptick  ;  and  that  the  Sun  obferved  Earth  sound 
from  the  Earth  feemed  to  defcribe  the  fame  Cir -by  observing 
cle  in  the  Heavens,  that  a  Spectator  in  the  Sun  [fette°suni 
would  fee  the  Earth  really  to  move  in.  But  the  J 
place  of  the  Earth  feen  out  of  the  Sun  is  always 
diametrically  oppofite  to  that  point  of  the  Eclip—' 
tick  in  which  we  on  the  Earth  obferve  the  Sun 
to  be  placed  :  And  therefore  when  the  Sun  ap¬ 
pears  to  us  in  Y,  the  Earth  is  really  in  ;  when  he 
is  in  S',  the  Earth  has  its  Manlion  in  yp.  And  there¬ 
fore  from  the  apparent  place  of  the  Sun,  which 
we  find  out  by  Obfervation,  we  can  eafily  deter- ' 

-mine  the  place  of  the  Earth  in  its  proper  Orbit. 

SINCE  the  Ecliptick  cuts  the  Equator  in 
two  oppofite  Points,  the  Sun  will  twice  every 
Year  appear  in  the  Equator  or  Equinccftial  Circle,  The  Sun  a 
which  happens  when  by  his  apparent  Motion  he ^tar  'tn  ^e 
arrives  at  the  Interfecftions  of  thefe  two  Circles  :  EquinoSial- 
All  the  reft  of  the  Year  he  will  feem  to  decline c,rc^* 
either  to  the  North  or  South  from  the  Equator ; 
and  he  is  at  his  fartheft  diftance  from  the  Equator 
when  he  is  juft  in  the  middle  between  the  two 
Sections,  that  is,  90  Degrees  removed  from  either, 
and  there  the  Sun  does  not  feem  to  alter  his  De¬ 
clination  for  fome  time  ;  and  then  the  Days  keep 
the  fame  length  :  And  therefore  thefe  points  which 
are  the  firft  of  S  and  yp  are  called  the  Soljlitial 
Points,  as  the  Interfedlion  of  the  Equator  and 
Eciiptick  are  called  the  EquinoHial  Points,  becaufe 
when  the  Sun  is  feen  in  them  the  Days  and 
Nights  are  equal. 


SINCE 
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Lcdhire  SINCE  the  Sun  is  feen  continually  moving 

XXII.  in  the  Ecliptick,  and  every  Day  feems  to  advance 
UTV  a  Degree  Eaftward,  he  makes  no  ftay  in  the  E- 
quinodfcial  Points  ;  but  in  parting  on,  in  the  fame 
Moment  he  arrives  there  he  leaves  them  :  And 
therefore  tho*  the  Day  the  Sun  enters  the  Equi¬ 
noctial  point  is  called  the  Equinox,  becaufe  it  is 
reputed  equal  to  the  Night ;  yet  it  is  nor  pre- 
cifely  fo,  unlefs  the  Sun  enters  the  Equator  at 
Mid-Dap.  For  if  the  rifing  Sun  Ihould  enter  the 
jVernal  Equinox,  at  fetting  he  will  have  departed 
from  it,  and  decline  Northwards  about  the  fpace 
of  12' *  and  therefore  that  Day  will  be  iomewhat 
longer  than  12  Hours,  and  the  Night  fhorter  ;  but 
the  Difference  is  fo  fmall  that  it  may  be  ne¬ 
glected  in  this  matter. 

The  inve-  THE  moment  of  Time  in  which  the  Sun  en- 
‘tkTsun7s°* ters  t^ie  Equator  is  found  out  by  Gbfervation, 
entring  the  and  from  the  Latitude  of  the  place  of  the  Obfer- 
kquator.  ver.  Eor  jn  t|ie  Equinoctial  Day  or  near  it,  with 
an  Inftrument  exactly  divided  into  Degrees,  Mi¬ 
nutes  and  parts  of  Minutes,  take  the  Meridian 
Altitude  of  the  Sun :  If  it  be  equal  to  the  Altitude 
of  the  Equator,  or  to  the  Complement  of  the  La¬ 
titude,  the  Sun  is  in  rhat  very  Moment  in  the 
Equator  ;  but  if  it  is  not  equal  take  the  Diffe¬ 
rence  and  mark  it,  for  it  will  be  the  Declination 
of  the  Sun.  Then  the  next  Day  again  obferve 
the  Meridian  Altitude  of  the  Sun,  and  gather 
from  thence  his  Declination.  If  thefe  two  Decli¬ 
nations  be  of  different  kinds,  as  the  one  South 
and  the  other  North,  the  Equinox  happens 
fome  time  between  the  two  Obfervations,  or  if 
they  be  both  of  the  fame  fort,  the  Sun  has  either 
not  entered  the  Equinoctial,  or  has  part:  it.  And 
from  thefe  two  Obfervations  of  the  Sun’s  Decli¬ 
nation  the  Moment  of  the  Equinox  is  thus  inve- 
rtigated. 

Ya^e-^XII‘  LET  CAB  be  a  portion  of  the  Ecliptick, 
JE  A  Q  an  Arch  of  the  Equator,  and  let  their  In¬ 
ter!  eel:  ion  be  in  A.  Let  C  JE  be  the  Declination  of 
the  Sun  at  the  time  of  the  fir  ft  Obfervation,  E  D 
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his  Declination  in  the  fecond  Obfervation^  the  Ledlure 
Arch  C  E  will  be  the  Motion  of  the  Sun  in  the  XXII. 
Ecliptick  for  one  Day.  In  the  fpherical  Triangle 
AJEC  Right-angled  at  JEy  we  have  the  Angle  A 
which  the  Equator  and  the  Ecliptick  make,  which 
we  (hewed  how  to  find  out  in  LeSture  XIX  ;  as 
alfo  C  M  the  Declination  of  the  Sun  known  by 
Obfervation,  by  which  we  fhall  find  the  Arch 
C  A.  And  in  the  fame  manner  in  the  Triangle 
A  E  D  the  fide  A  E  is  found,  and  thence  the  Arch 
C  E,  which  is  the  Sum  or  Difference  of  the  Ar¬ 
ches  CA,  AE.  Say  then  as  C  E  is  to  C  A,  fo 
is  24  Hours  to  the  time  between  the  firft  Obferva¬ 
tion  and  the  Moment  of  the  Ingrefs  of  the  Sun  to 
the  Equinox. 

I  F  again  the  next  Year  the  time  of  the  Sun's  ^Tbequatu 
Entry  in  the  Equator  be  obferved  in  the  fame^pi 5 
manner,  the  Time  elapfed  between  the  two  In- Year, 
greffes  is  the  fpace  of  a  Tropical  Tear ,  or  the 
Time  wherein  the  Sun  or  rather  the  Earth  com- 
pleats  its  Courfe  in  the  Ecliptick  ;  which  is  called 
the  Tropical  Tear ,  becaule  after  it  is  finifhed,  all 
the  Seafons  return  again  in  the  fame  Order. 

But  by  Obfervations  that  are  made  at  the  diftance 
of  a  Year,  we  cannot  fafely  rely  upon  the  true 
quantity  of  the  Year  collected  from  them ;  for  a 
fmall  Error  of  one  Minute  being  conftantly  en- 
creafed  and  multiplied  by  the  Number  of  Years, 
in  procefs  of  Time  would  amount  to  a  prodi¬ 
gious  miftake  in  the  place  of  the  Sun.  Therefore 
the  Aflronomers  more  accurately  determine  the 
quantity  of  the  Year,  by  taking  the  Obfervations 
of  two  Equinodlies  at  many  Years  diftance  from 
one  another,  and  dividing  the  Time  between  the 
Obfervations  by  the  number  of  Revolutions  the 
Sun  has  made  ;  the  Quotient  will  fliew  the  time 
of  one  Revolution,  or  nearly  the  Period  of  the 
Earth  in  her  Orbit.  For  by  this  means,  if  there 
be  any  miftake  made  in  the  Oblervation,  it  will 
be  divided  into  fo  many  parts,  according  to  the 
number  of  Years,  that  it  will  be  infejifible  for  the 

fpace  of  one  Year. 
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THE  fpace  of  Time  belonging  to  the  Tropical 
Tear  is  by  this  means  found  to  confift  of  365 
Days,  5  Hours,  48  Minutes  and  57  Seconds. 
This  Time  is  fomewhat  lefs  than  the  Periodical 
Time  of  the  Earth  in  her  Orbit,  which  is  called 
the  Anomaliftieal  or  Periodical  Tear.  For  by  rea- 
fon  of  the  Prameflion  of  the  Equino&ies,  which 
was  explained  by  us  in  the  VIIM  LeEiure,  by 
which  the  Points  of  Interfedtion  do  conftantly  eve¬ 
ry  Year  move  back  50  Seconds,  and  as  it  were 
tneet  the  Sun ;  the  Sun  will  arrive  at  the  In- 
terfedhon  before  he  has  compleated  his  Courfe. 
Now  the  Time  of  the  Earth's  Period  or  Anomali¬ 
ftical  Tear  is  365  Days,  6  Hours,  9  Minutes 
and  14  Seconds. 

I  F  the  Motion  of  the  Earth  round  the  Sun  were 
equal,  that  is,  if  it  defcribed  equal  Angles  round 
the  Sun  in  equal  times,  the  apparent  Motion  of 
the  Sun  in  the  Ecliptick  would  always  be  equal, 
and  would  proceed  each  Day  in  the  Ecliptick 
59'.  8". :  And  Therefore  the  place  of  the  Sun  would 
eafily  be  computed  for  any  Time.  But  we  are 
fure  by  Oblervation  that  the  apparent  Motion  of 
the  Sun  is  not  equal,  and  that  he  goes  thro*  iome 
parts  of  the  Ecliptick  quicker  than  thro’  others  5 
and  particularly  in  going  thro*  the  Northern  Se¬ 
micircle  of  the  Ecliptick,  he  fpends  near  eight  Days 
more  than  in  palling  over  the  Southern  Se¬ 
micircle,  which  ought  to  be  performed  precifely 
in  the  fame  time,  if  the  apparent  Motion  of  the 
Sun  were  equal.  Moreover,  if  we  make  Obfer- 
vations,  and  from  them  find  out  the  Motion 
of  the  Sun  in  the  Ecliptick  for  each  Day  ;  in 
fome  Days  he  will  be  found  to  move  thro*  the 
fpace  of  61  Minutes  in  a  Day  ;  at  other  times  he 
will  fcarcely  be  feen  to  have  compleated  57  Mi¬ 
nutes. 

THE  daily  Motion  of  the  Sun  in  the  Eclip¬ 
tick  is  obferved  in  this  manner.  Let  C  B  repre¬ 
sent  the  Ecliptick,  JE  Q.  the  Equator,  whofe  com¬ 
mon  Interfedlion  is  in  A  :  Take  with  an  Xnftrument 
the  Meridian  Altitude  of  the  Sun  5  the  Altitude  of 
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die  Equator  in  the  place  of  Obfervation  is  like-  Lecfture 
wife  to  be  known:  The  difference  of  thefe  two  XXII. 
Arches  is  the  Declination  of  the  Sun,  which  will 
therefore  be  known.  Let  G  be  the  place  of  the 
Sun  in  the  Ecliptick,  and  F  G  his  Declination. 

In  the  Right-angled  Triangle  G  FA,  having  the 
fide  F  G  and  the  Angle  A,  we  (hall  find  the  Arch 
A  G  the  diftance  of  the  Sun  from  the  Equind&ial 
point,  or  his  Longitude  and  Place  in  the  Eclip¬ 
tick  at  the  time  of  the  Obfervation.  The  next 
Day  again  obfefve  the  Meridian  Altitude  of  the 
Sun,  and  find  from  thence  his  Declination,  which 
fuppofe  to  be  M  L,  from  which  and  the  Angle 
A,  by  the  fame  Method,  we  fhall  find  Out  the 
Arch  M  A  ;  from  which  fubftradt  the  Arch  A  G,’ 
and  we  fhall  have  the  Arch  G  M,  which  is  patted 
thro’  by  the  Sun  in  one  Day.  The  bignefs  of 
this  Arch  is  mutable,  according  to  the  place  the 
Earth  has  in  its  Orbit. 

THE  Antient  Aflronomers ,  who  allowed  n'O  the  circular 
Motions  in  the  Heavens  but  what  were  circular 
and  equal,  that  they  might  give  an  account  of  tients  by 
this  apparent  Inequality  of  the  Sun’s  Motion,  ™kicb  they 
imagined  that  the  Sun  moved  round  the  Earth  or  Appear* 
the  Earth  round  the  Sun  (  for  it  is  the  fame  thing  antes. 
which  we  fuppofe  to  move  or  ftand  {fill )  in  a 
circular  Orbit,  but  Eccentrical ;  that  is,  whofe 
Center  was  at  fome  diftance  from  the  Center  of 
the  Ecliptick,  in  which  they  placed  either  the  Sun 
or  the  Earth ;  and  this  circular  Orbit  they  fup- 
pofed  was  defcrib’d  by  an  equal  Motion :  And 
therefore  becaufe  the  Center  of  the  Ecliptick  was 
at  fome  diftance  from  the  Center  of  equal  Mo¬ 
tion,  the  Motion  of  either  the  Sun  or  Earth  feeri 
from  the  Center  of  the  Ecliptick  would  appear 
unequal, 

LET  the  Circle  V  S“  V?  reprefent  the  E-  Tabkxxii; 
fcliptick,  in  whofe  Center  is  the  Sun,  MPNA  A's’ 
the  Orbit  of  the  Earth  whofe  Center  is  C,  diftant 
from  the  Center  of  the  Ecliptick  by  the  Line  CS, 
which  is  called  the  Eccentricity.  They  fuppoled 
the  Earth  to  move  in  this  Circle  with  an  equal 
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LeCture  Motion  :  And  therefore  all  the  Angles  defer!- 
XXII.  bed  round  the  point  C  would  be  proportional  to  the 
Times,  and  the  Earth  feen  from  C  would  not 
appear  to  move  flower  in  A  than  in  P  ;  but 
viewed  from  the  Center  of  the  Ecliptick,  be- 
caufe  at  A  it  is  farther  diftantthan  in  P,  it  would 
appear  to  defcribe  lefs  Arches  in  equal  times : 
And  therefore  when  the  Earth  is  in  A,  and  a 
Spectator  in  it,  obferving  the  Sun  in  So,  will  find 
that  he  moves  flower  than  when  the  Earth  is  in  P, 
and  the  Sun  is  feen  in  -yp.  And  becaufe  the  Arch 
of  the  Circle  MAN  is  greater  than  a  Semicir¬ 
cle,  and  N  P  M  lefs  than  one  ;  it  is  evident  that 
there  is  more  Time  required  to  defcribe  the  Arch 
NAM  than  N  P  M  :  But  in  the  time  the  Earth 
is  carried  thro*  the  Periphery  N  A  M,  the  Sun 
feems  to  defcribe  the  Northern  Semicircle  of  the 
Tcliptick,  T,  S',  ^  -  And  while  the  Earth  is 
moving  thro3  the  Arch  M  P  N,  the  Sun  will  feem 
to  have  gone  thro’  the  other,  or  the  Southern 
Semicircle  gs,  yp,  Y.  From  hence  the  reafon  is 
plain  why  the  Sun  flays  longer  in  the  Northern 
Signs  than  he  does  in  the  Southern. 

The  Deter*  UPON  thefe  Suppoficions  they  thus  determi- 
^b^Eccen^ ne(I  rbe  Eccentricity  and  Pofition  of  the  Apjisa 
tricity  ^ and  Iu  the  fame  Year  obferve  the  Moments  of  Time 
Tofition  of  wherein  the  Sun  enters  both  the  Equinoctial 

cntbiFsupl  P°ints>  the  Vernal  and  Autumnal,  as  alfo  the 
-pofimn,  "place  of  the  Sun  in  the  Ecliptick  in  any  other 
intermediate  Time  *  which  fuppofe  to  be  in  il,  the 
Earth  being  really  in  tzz.  When  the  Earth  is  in 
the  point  of  its  Orbit  N,  the  Sun  is  feen  in  the 
point  Y  ;  then  the  Earth  coming  to  L,  the  Sun 
appears  in  SI  ;  and  when  it  has  arrived  in  M  the 
Sun  will  be  obferved  in  Draw  to  the  place 
of  the  Earth  in  L  the  right  Lines  SL,  CL.  Let 
likewiie  CM,  MN  and  C  N  be  joined  ;  and 
let  C  M  and  S  L  cut  one  another  in  O.  By 
Obfervations  of  the  Places  of  the  Sun  we  have 
the  Angle  Y  S  SI,  as  likewife  its  Complement  to 
two  Right-Angles  £3  S  Y.  Alfo  by  the  diftance 
pf  the  Time  between  the  Obfervations  we  have 

the 
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the  Arch  L  M  or  the  Angle  L  C  M,  as  alfo  the  Le&ure 
Arch  NAM,  thefe  being  proportional  to  the  XXII. 
Times :  Therefore  we  have  likewife  the  Arch 
M  P  N  and  the  Angle  M  C  N.  In  the  Ifofceles 
Triangle  M  C  N,  having  the  Angle  MCN,  we 
have  likewife  the  two  Angles  at  the  Bafe  M  and 
N :  But  in  the  Triangle  M  O  S  we  have  the  An¬ 
gle  M  S  O  and  the  Angle  M  :  Therefore  we  have 
alfo  the  Angle  M  O  S  and  L  O  C  which  is  verti¬ 
cal  and  equal  to  it.  Suppofe  L  C  the  Radius  of 
the  Eccentrick  to  confili  of  iooooo  equal  parts, 
then  in  the  Triangle  L  O  C,  having  all  the  Angles 
and  the  fide  L  C  we  can  find  the  fide  O  C.  But 
we  know  M  C  which  is  equal  to  L  C :  There¬ 
fore  we  have  MO.  In  the  Triangle  MOS  we 
have  all  the  Angles  and  one  fide  M  O,  and  there¬ 
fore  we  fhall  have  O  S.  Laftly,  In  the  Trian¬ 
gle  SOC  having  S  O  and  O  C,  and  the  Angle 
SOC  which  is  the  Complement  of  the  Angle 
S  O  M  to  two  Right-Angles,  we  lliall  find  S  C  the 
Eccentricity,  and  the  Angle  O  S  C  ;  to  which  add 
the  Angle  M  S  O,  and  we  fhall  have  the  Angle 
M  S  A  or  the  Arch  Y  y? ;  which  fhews  the  Pofi- 
tion  of  the  Aphelion  or  its  diftance  from  the  Equi¬ 
noctial  point  Y. 

B  Y  this  Method  the  Ancients  found  the  Ec^ 
centricity  to  be  3450  of  fuch  parts  as  the  Radius 
of  the  Eccentrick  was  iooooo;  from  which  they 
eafilv  calculated  the  Motion  and  place  of  the  Sun 
for  any  given  Time,  in  the  manner  following.  In 
the  Orbit  of  the  Earth  let  A  P  be  the  Line  of  the 
Apfides ,  and  fuppofe  the  Earth  at  L  defcribing 
its  circular  Orbit,  the  Arch  A  L  or  the  Angle 
ACL  proportional  to  the  time  will  be  the  Earth's 
mean  Anomaly ,  as  the  Arch  of  the  Ecliptick  r 
or  the  Angle  yp  S  is  the  true  Anomaly.  Havmg 
now  the  mean  Anomaly  we  have  its  Sine  L  Q, 
and  its  Co-fine  C  Q.,  to  which  add  the  known 
Eccentricity,  and  we  fhall  have  SQ:  Say  as  S  Q. 
is  to  L  Q,  fo  is  the  Radius  to  the  Tangent  of  an 
Angle,  which  is  QSL;  which  therefore  will  be 
known.  Or  thus,  In  the  Triangle  S  C  L  we  have 

T  %  she 
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Lecture  the  Tides  S  C  and  C  L,  and  the  Angle  S  C  L  the 
XXII.  Complement  of  the  mean  Anomaly  to  two  Right- 
Augles :  Therefore  we  can  find  the  Angle  L  S  C 
or  L  S  A  the  true  Anomaly  ;  for  as  C  L  C  S  : 
G L  —  C S  : :  Tangent  of  half  the  Angle  LC  A 
to  a  fourth,  which  will  be  the  Tangent  of  half 
the  difference  of  the  Angles  C  S  L  and  C  L  S : 
And  becaufe  SC  and  CL  are  given  and  con- 
ftant  Quantities,  the  Difference  of  the  Logarithms 
of  C  L  C  S  and  CL  —  C S  will  be  a  conftanc 
Quantity  ;  and  if  it  be  always  fubftradted  from 
the  Log.  Tangent  of  half  the  Angle  LCA,  we  fhall 
have  the  Log.  Tangent  of  half  the  Difference 
of  the  Angles  C  L  S  and  C  S  L  :  But  we  have 
their  Sum,  and  confequently  the  Angle  L  S  A  will 
be  known  ;  which  fhews  the  place  of  the  Earth 
in  the  Ecliptick  feen  from  the  Sun,  and  the  point 
oppolite  is  the  place  of  the  Sun  feen  from  the 
Earth .  In  the  firft  half  Circle  of  Anomaly  ALP, 
the  mean  Anomaly  A  C  L  is  greater  than  the 
true  Anomaly  A  S  L.  For  the  external  Angle 
ACL  is  greater  than  the  internal  and  oppofite 
ASL'  And  if  from  the  mean  Anomaly  ACL 
you  take  away  the  Angle  C  L  S,  there  will  re¬ 
main  the  Angle  L  S  C  the  true  Anomaly.  In 
the  fecond  Semicircle  of  Anomaly,  the  mean  Ano¬ 
maly  is  lefs  than  the  true.  For  fuppofe  the  Earth 
in  R,  the  mean  Anomaly  is  the  Arch  APR,  or 
calling  away  the  Semicircle  the  Arch  P  R,  or  the 
Angle  P  C  R :  But  the  true  Anomaly  rejecting 
the  Semicircle  is  P  S  R,  which  is  equal  to  P  C  R 
and  C  R  S.  Therefore,  if  to  the  Mean  Anomaly 
we  add  the  Angle  C  R  S  we  fhall  have  the  true 
Anomaly  P  S  R,  and  the  place  of  the  Earth  in 
the  Ecliptick.  The  Angle  C  L  S  or  C  R  S  is  called 
the  Equation  or  Prcjlhaphcerejis ,  becaufe  fometimes 
it  is  to  be  added,  fometimes  to  be  fubftradled 
from  the  mean  Motion,  that  we  may  have  the 
true  Motion  or  place  of  the  Earth. 

THIS  Theory  of  the  Antients  anfwered  well 
enough  to  the  apparent  Motions  of  the  Sun , 
which  was  founded  on  Observations  that  were  not 

very 
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very  accurately  made.  But  it  was  evident  from  Ledture 
Obfervations  of  the  other  Planets,  that  their  Mo-  XXII. 
tions  could  not  be  accounted  for  by  fuch  a  Theo- 
ry.  And  even  in  the  Sun  itfelf  there  is  a  Phe¬ 
nomenon  which  is  not  to  be  explained  by  the  The-^ 
ory  of  the  Antients;  but  clearly  overturns  that  Antients  is 
Theory,  and  proves  it  to  be  falfe,  By  the  w  true. 
moft  accurate  Obfervations  we  find  that  the  ap- 
parent  Diameter  of  the  Sun,  when  he  is  in  his 


Apogaon,  is  31'.  29";  in  his  Perigeon  it  is  3%'.  33"* 

But  the  apparent  Diamerers  are  reciprocally  as; 
the  Sun’s  diftances.  From  whence  we  find  that 
the  true  diftance  in  the  Apogeon  is  to  the  diftance; 
in  the  Perigeon  as  1953  is  to  1889,  or  as  101661 
is  to  98339  ;  fo  that  the  Eccentricity  is  but  1661, 
of  fuch  parts,  whereof  the  Radius  of  the  Eccen- 
trick  is  100000:  The  Theory  of  the  Antients 
makes  the  Eccentricity  above  double  of  this.  And 
therefore  that  Theory  muft  be  falfe  which  fuppo- 
fes  fo  great  an  Eccentricity  :  For  if  we  fliould  al¬ 
low  but  one  half  for  the  Eccentricity,  that  would 
better  anfwer  to  the  apparent  Diameters  of  the 
Sun,  when  they  are  nicely  obferved  ;  But  then, 
on  the  other  hand,  fo  fmall  an  Eccentricity  would 
not  account  for  the  Inequalities  of  the  Sun’s  Mo¬ 
tion,  making  the  Center  of  the  Eccentrick  the  Cen¬ 
ter  of  the  middle  Motion  :  For  by  computing,  we 
find  the  Equations  or  Proflhapherefes  twice  as  great 
as  what  they  would  amount  to  with  half  only, 
of  the  Eccentricity  of  the  Antients.  And  there¬ 
fore  it  is  plain  that  this  Theory  of  the  Antients; 
mu  ft  be  falfe. 

THE  fagacious  Kepler  obferving  this,  fhewed 
that  the  Eccentricity  was  indeed  to  be  bifedted  ;  ^  ^  1 
but  fo,  that  the  Center  of  the  Eccentrick  was 
in  D,  in  the  middle  point  between  the  Sun  and 
the  point  C  ;  from  which  C,  if  the  Motion  of  the 
Earth  were  viewed,  it  would  appear  equal.  T  his 
point  C,  which  was  diftant  from  the  Center  of 
the  Eccentrick  by  half  the  Eccentricity  of  the 
Antients,  was  called  the  Center  of  the  middle 
Morion,  becaufe.  from  it  the  Motion  of  the  Eartfo 
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Lecture  would  always  be  feen  in  a  mean  Motion,  between. 
XXII.  its  quick  and  flow  progrefs  in  the  Ecliptick. 
Ss~)TO  ’T I  S  true,  Copernicus  and  many  other  Aftro- 
nomers  thought  it  abfurd  to  fuppofe  the  Earth 
carried  in  a  Circle  whofe  Center  was  not  the 
Center  of  the  equal  Motion  ;  for  then  the  Earth's 
Motion  muft  not  only  be  in  Appearance,  but 
really  in  it  felf  unequal ;  and  in  fome  parts  of  the 
Periphery  of  its  Orbit  it  would  move  fafter,  in 
other  flower,  contrary  to  their  eftablifh'd  Maxim 
of  having  all  the  Motions  perfectly  uniform. 
Kepler’*  BUT  Kepler,  when  he  had  demonftrated  that 
-Elliptic^  Mars  and  the  other  Planets  were  not  carried 
round  the  Sun  in  circular,  but  in  Elliptical  Or¬ 
bits;  and  that  the  Sun  was  in  one  of  the  Foci 
of  thofe  Ellipfes ;  and  that  the  Planets  in  moving 
round  him  did  fo  regulate  their  Motions,  that  a 
Line  or  Ray  drawn  from  the  Sun  to  the  Pla¬ 
net  did  fweep  an  Elliptic ^  Area  or  fpace  always 
proportional  to  the  Time  the  Planet  moved.  He 
thought  it  but  reafonable  to  fuppofe  the  Earth  in 
turning  round  the  Sun  fiiould  obferve  the  fame 
Law,  and  be  carried  likewife  in  an  Elliptick  Or¬ 
bit.  This  Theory  anfwers  exadtly  to  all  Appear- 
There  are  ances ;  but  it  follows  from  it  that  there  are  no 
ef  riddle  Centers  of  equal  or  middle  Motion  from  which 
e  rhe  Planets  can  be  feen  to  deferibe  Angles  propor¬ 
tional  to  the  Times.  And  therefore  many  Aflro- 
nomers  ftill  adhering  to  the  Opinion  that  there 
were  Centers  of  equal  Motion,  rejected  this  The¬ 
ory  of  Kepler's  ;  but  for  all  that  they  retained  the 
Elliptick  Form  of  the  Planetary  Orbits.  And  be¬ 
cause  in  the  Axis  of  an  Ellipfe  there  are  two 
points  equally  diftant  from  the  Center,  which  are 
called  the  Foci ,  in  one  of  which  they,  with  Kep¬ 
ler,  placed  the  Sun  ;  the  other,  which  was  diftant 
from  the  Sun  the  double  of  (the  Eccentricity, 
they  imagined  to  be  the  Center  of  equal  Motion, 
and  round  it  they  fuppos*d  the  Planets  to  de¬ 
feribe  Angles  proportional  to  the  Times ;  which 
indeed  in  Ellipfes,  that  are  not  very  Eccentrical, 
is  nearly  true,  as  Kepler  himfelf  acknowledges, 
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and  we  fhall  hereafter  demonftrate.  This  Hypo-  Lecture 
thefis  they  liked  the  better,  becaufe  there  was  no  XXII. 
dired  or  Geometrical  Method  in  the  Theory  of 
Kepler,  to  find  out  the  true  Anomaly  from  the 
Mean,  which  by  the  other  Theory  they  could  ea¬ 
sily  find.  Upon  the  account  of  this  deficiency 
of  Method,  many  Aflronomcrs  objeded  to  Kepler  Kepler’i 
*}ta(M7pfuncw,  or  want  of  Geometry  in  his  Theory  ;  Theory  e- 
and  rejeding  it,  went  upon  other  Hypothefis^^^-"^’ 
which  did  not  fo  well  agree  with  the  true  Laws* 
of  Nature ;  and  they  feigned,  that  in  each  Or* 
bit  there  was  a  certain  point  for  the  Center  of 
equal  Motion,  round  which  the  Planets  defcribed 
Angles  proportional  to  the  Times:  But  fince  the 
Theory  of  Keple *  is  that  which  does  really  obtain, 
and  only  has  place  in  Nature ;  and  all  Obfer- 
vations  declare  that  the  Planets  do  really  regu¬ 
late  their  Motions  by  its  Laws  ;  it  is  not  to  be 
jrejeded  upon  the  account  of  a  want  in  Geometry , 
nor  is  the  fault  to  be  layed  upon  the  Theory, 
which  is  rather  to  be  imputed  to  the  unskilfulnefs 
of  the  Aftronomers  in  Geometry.  We  therefore,  that 
we  may  remove  this  blemifli  of  want  of  Geometry 
for  the  future,  in  the  following  Lefture  will  fliew 
a  dired  Method  of  finding  the  true  Anomaly  of 
a  Planet  from  its  mean  Anomaly  given. 
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LECTURE  XXIII. 


Of  the  Motion  of  a  Planet  in  an,  Ellipfe , 
And  the  Solution  of  Kepler’s  Problem 
about  the  cutting  of  the  Elliptick 


H  E  Great  Kepler  was  the  firft  who 
demonftrated  that  the  Planets  did 
not  move  in  circular  Orbits,  but 
that  they  were  carried  round  the 
Sun  in  Elliptical  ones,  all  which  had 
one  common  Focus,  in  which  the  Sun 

*  *  i 

relided :  Ana  that  the  Planets  in  their  Motions 
conftantly  obferved  a  certain,  Law,  vi%.  that  a 
Ray  or  Line  reaching  from,  the  Sun  to  the  Planet 
did  fweep  Elliptical  Spaces  that  were  proportional 
to  the  Times. 


By  Kep¬ 
ler’s  Theory 
Sir  lfkac 
>Jewton 
found  out 
the  Pkyfical 
Caufes  of 
the  Planets 
Motions . 


The  pro¬ 
portion  of 
sbt  Planets 
periodical 
7Pimes  to 
libeir  Di * 
fiances 
found  out 
%  Kepler. 


THIS  admirable  and  Divine  Invention  of 
the  fagacious  Kepler  was  owing  to  the  exadb  Ob- 
lervations  of  "Tycho  Brahe  ;  and  is  fo  much  more 
to  be  valued,  for  that  by  the  help  of  it,  the  moft 
incomparable  Philofcpher  Sir  Ifaac  Newton  aifco- 
vered  the  LIniverfal  Laws  of  Motion,  the  Syfteni 
of  the  Univerfe,  and  the  whole  Body  of  the  Ce- 
leftial  Philofophy 9  which  was  intirely  unknown 
before.  Kepler  alfo  demonftrated,  from  Qbferva- 
tions  of  the  Motions,  that  in  all  the  Planers  their 
periodical  Times  were,  in  a  fefquiplicate  proportion 
of  their  mean  diftances  from  the  Sun,  or  of  the 
greater  Axes  of  the  Ellipfes,  which  are  equal  to 
twice  the  mean  diftances  ;  that  is,  the  Squares  of 
the  periodical  Times  are  conftantly  as  the  Cubes 
of  the  greater  Axes  ;  And  therefore  if  in  two  dif- 
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ferent  Ellipfes  the  greater  Axes  be  called  A,  Lecture 
their  periodical  Times  T  and  t ;  then  we  (hall  XXIII. 
have  the  Analogy  T*  2  tx : :  A5 :  a*,  and  T  :  t : : 

5  3  ;>?  * 

A-;  ar.  1- 

HENCE  it  follows  that  in  different  Ellipfes, 
the  Area’s  defcribed  by  two  Planets  in  the  fame 
Time,  are  in  fubduplicate  Proportion  of  the  Pa¬ 
rameters  or  Latera  refta  of  the  Ellipfes,,  which  I 
thus  prove.  It  is  known  from  the  Property  of 
the  Ellipfe  that  its  Area  is  as  the  Redlangle  un¬ 
der  the  two  Axes  of  it ;  that  is,  if  the  two  Axes 
of  the  greater  Ellipfe  be  called  A  and,-  M,  and 
the  two  Axes  of  the  fmallcr  Ellipfe  be.  called  a, 
and  m  ;  the  Area  of  the  greater  Ellipfe  will  be 
to  the  Area  of  the  leffer  as  AxM  is  to  a  x  m. 

And  therefore  when  we  are  fpeaking  of  the  Pro¬ 
portion  of  the  Area’s,  we  may  put  thefe  Rectan¬ 
gles  inftead  of  the  Area’s.  In  the  greater  Ellipfe  The  Jr*a"s 
call  the  Area  defcribed  in  a  given  Time  X,  th e 
Area  defcribed  in  the  leiTcr  Ellipfe  in  the  famer/m*  p  o~ 
time  x,  and  the  Time  given  in  which  the)  are  'i^!^ 
defcribed^;  the  Lntern  refta  of  the  Ellipfes  callreot  of  re 
L  and  l,  the  periodical  Times  T  and  t.  From  Pi es 
the  Theory  above  explained  it  follows  thar 
X  :  A  x  M  : :  y  :  T,  alio  that  a  x  m  :  x  ::  t,:  y. 

And  therefore  by  Equality  of  proportion.  *::wi I 

33 

be  X  x  a  x  m  :  x  x  A  x  M  : :  t :  T  :  :  a  *  A r  But 
Cnee  the  leffer  Axis  is  a  mean  proportional  between 
the  greater  Axis  and  the  Latus  reftum,  M  will 


be  ==  A  r  x  L 2 ,  and  m  — 
3  i_  a  j 

X  x  aT  :  x  x  Ar  L1'  :  : 

1  1 

fore  X  x  l1  :  x  x  L  r  : :  1  : 


1  r 


nr  l*:: -And  therefore 
a  :  ' ATf  And  therc^ 
1  *  that  is  m  propor¬ 


tion  of  Equality  :  And  therefore  X  :  x  : :  LT  :  /  - . 
And  therefore  in  different  Ellipf/s,  he  Area’s  dc- 
feribed  in  rhe  fame  time  are  as  the  fquare  Roots 
of  their  Latera  retta. 

SINCE  therefore  the  law  l  y  which  the 
Planets  regulate  their  M(  tions  is  th  *  equal  pr 
uniform  Defcnption  of  the  Area’s,  it  is  impoffibk; 

that: 
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Te&ure  that  the  Planets  can  every  where  move  with  the 
XXIII.  fame  uniform  Velocity,  but  it  muft  conftantly  be 
changed  :  So  that  going  from  the  Perihelion  to  the 
Aphelion  they  muft  conftantly  flacken  their  Pace  ; 
The  Veto -  but  as  they  defcend  from  the  Aphelion  to  the  Pe- 
v>bereVrlci -  r*beli°n  they  muft  again  quicken  their  Motions  ; 
procal  to  the  And  in  the  Aphelion  they  have  the  flowed,  in  the 

tSd^diJlan  ^er^eH°n  t^ie  quickeft  Motion :  And  the  Velocity 
ces[T  1  an "will  be  every  where  reciprocally  as  a  Perpendi¬ 
cular  that  falls  upon  a  Right  Line  pafling  thro* 
Plate xxii® the  Planet  and  touching  the  Orbit.  Let  DAF 
F,S-  3«  t,e  an  Ellipfe,  whofe  Focus  is  S  ;  and  fuppofe  the 
Arches  A  B,  a  b  thereof  to  be  gone  over  by  the 
Planet  in  equal  times  that  are  exceeding  fmall, 
the  Triangles  SAB  and  Sab  will  be  equal,  for 
they  are  the  Area’s  that  the  carrying  Ray  de- 
fcrib  es  in  equal  times.  From  the  Focus  S  let  fall  on 
the  Tangents  the  Perpendiculars  S  P,  Sp ,  and  the 
(Triangle  SAB  will  be  equal  to  \  SP  >:  AB  :  So  like- 
4wife  the  Triangle  Sab  will  be  equal  to  \ Sp  x  ab  : 
And  therefore  S  P  :  S p  : :  a  b  :  A  B  :  But  A  B  and 
a  b,  fince  they  are  Lines  defcribed  in  the  fame 
Time,  are  as  the  Velocities :  Wherefore  the  Ve¬ 
locity  in  A  is  to  the  Velocity  in  a  as  Sp  is  to 
S  P  the  Perpendicular.  Mr.  De  Moivre ,  in  the 
Philofophical  TranfaElions  N°.  352,  has  likewife 
demonftrated  the  two  following  Theorems  con¬ 
cerning  the  Elliptick  Motion. 

*  »■*  •  :  ;  >  •  •  •  ■  *  *  *  •  •  •  •  •  4  .  . 

THEOREM  I. 

A  Theo-  LET  APB  be  the  Elliptick,  Orbit ,  in  which 
ttm  to  de~  fuppofe  a  Planet  to  move  round,  the  Sun  in  the  Focus 
proportion  *  S.  Let  C  be  the  Center  of  the  Ellipfe ,  C  B  half  the 
ef  the  Velo-  greater  Axis ,  CD  half  the  lejfer ,  and  F  the  other 
Glty*  Focus.  The  Planet  being  in  P,  draw  the  Bight 
Table  XVI  Lines  S  P,  F  P  ;  then  the  Velocity  of  the  Planet  in 
fig.  7.  *  P,  will  be  to  the  Velocity  in  its  mean  diftance  S  Z), 
in  a  fubduplicate  proportion  of  its  diftance  FP  from 
the  Focus  F,  to  its  diftance  S  P  from  the  Focus  S. 

Let  the  Right  Line  E  P  G  touch  the  Ellipfe  in 
P,  and  from  each  of  the  Foci  on  the  Tangent  let 

-  -'7  ~~  '  7  7  t:--  — '• ;  -  fall 
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fall  the  Perpendiculars  S  E,  FGj  and  let  S  H  Le&ure 
be  a  Perpendicular  on  the  Tangent  D  H.  The  XX !IL 
Velocity  in  P  is,  as  we  have  fhewed,  to  the  Ve- 
locity  in  D,  as  S  H  is  to  S  E:  And  therefore  the 
Square  of  the  Velocity  in  P  is  to  the  Square  of 
the  Velocity  in  D,  as  S  H  Square  or  C  D  Square 
to  S  E*  Square  ;  r hat  is,  by  the  Nature  of  the 
Ellipfe  ( becaufe  C  D  Square  is  equal  to  SE  xFG) 
as  S  E  x  F  G  is  to  S  E  Square,  or  as  F  G  to  S  E. 

But  becaufe  of  the  equiangular  Triangles  F  G  is 
to  SE  as  FP  is  to  SP:  Wherefore  the  Square 
of  the  Velocity  in  P  is  to  the  Square  of  the  Ve^ 
locity  in  D  as  F  D  is  to  S  P  :  And  confequently 
the  Velocity  in  P  is  to  the  Velocity  in  D  as 

VFf  is  to  VS  P,  which  was  to  be  demonftrated. 
THEOREM  II. 


THE  Radius  is  to  the  Sine  of  the  Angle 

S  P  E  as  VS  P  x  F  P  to  C  D.  For  S  P  Square  is  t  o 
SPXFP::SP:FP::SE:FG::SE  fquare : 
S  E  X  F  G  : :  S  E  fquare  :  C  D  fquare.  And  by  Al¬ 
ternation  of  Proportion  S  P  fquare  :  S  E  fquare  : : 
S  P  X  F  P  :  C  D  fquare  :  And  therefore  S  P  :  S  E  : : 


VS  P  X  F  P :  C  D :  But  S  P  :  S  E  : :  Radius  is  to 
the  Sine  of  the  Angle  S  P  E.  Therefore  as  the 
Radius  is  to  the  Sine  of  the  Angle  S  P  E,  fo  is 

VSP  X  FP  to  C  D,  which  was  to  be  demon- 

ftrated. 

WE  have  already  fhewed  the  Proportion  by 
which  the  abfolute  Velocity  increafes  or  decreafes  : 
But  we  have  another  Theorem  for  determining  the 
angular  Velocity,  or  the  Angle  which  a  Planet 
feen  from  the  Sun  will  appear  to  deferibe  in  a 
fmall  Particle  of  Time  :  For  it  is  every  where 
reciprocally  in  a  duplicate  proportion  of  the  di- 
ftance  from  the  Sun  •  which  I  thus  demonftrare. 
At  the  Center  S,  at  the  diftances  SB,  S  h  deferibe 
the  fmall  Arches  BE,  he ,  where  A  B,  a  b  are  the 
fmall  Elliptick  Arches  deferibed  in  equal  Times  : 

In 
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In  S  B  take  S  m  equal  to  S  b,  and  draw  the  fmall 
Arch  m  n :  And  the  angular  Velocity  in  b  is  to 
the  angular  Velocity  in  B  as  the  Arch  b  e  is  to 
the  Arch  m  n :  But  the  proportion  of  b  e  to  mn 
is  compounded  of  the  proportion  of  be  to  B  E, 
and  of  B  E  to  mn.  And  becaufe  the  Triangles 
B  S  A  and  b  S  a  are  equal,  b  e  will  be  to  B  E  as 
S  B  is  to  S  b:  And  becaufe  the  Arches  B  E  and 
tn  n  are  limilar,  B  E  is  to  mn  likewife  as  S  B  to 
Sm  or  as  S  B  to  S  b :  Wherefore  the  proportion  of 
b  e  to  m  n  is  compounded  of  the  proportion  of 
S  B  to  S  b,  and  again  of  S  B  to  S  b  ;  that  is,  the 
angular  Velocity  at  b  is  to  the  angular  Velocity 
at  B  as  the  fquare  of  S  B  is  to,  the  fquare  of  SJj, 
that  is  reciprocally  as  the  fquares  of  the  Di- 
ftances. 

BUT  for  to  explain  more  clearly  the  Inequa¬ 
lity  of  the.  Planets  Motions,  and  the  various  In- 
creafe  and  Decreafe  of  their  angular  Velocities, 
it  will  be  requifite  to  compare  their  Motions  in 
different  points  of  their  Orbit,  with  an  equal  and 
uniform  Motion  of  a  body  moving  in  a  Circle^ 
Let  therefore  the  Ellipfe  A  E  B  F  be  the  Orbit  of 
a  Planet  in  whofe  Focus  is  the  Sun  S.  its  greater 
Axis  A  B  and  leffer  O  Q.  At  the  Center  S  and 
diftance  S  E,  which  is  a  mean  proportional  be¬ 
tween  A  K  and  O  K  the  two  femiaxes,  defcribe 
the  Circle  C  E  G  F.  The  Area  of  this  Circle  will 
be  equal  to  the  Area  of  the  Ellipfe,  as  it  is  eafily 
to  be  demonftrated  from  the  Nature  of  the  El¬ 
lipfe  :  And  let  us  fuppofe  a  point  to  move  with 
an  uniform  or  equal  Motion  thro’  the  Periphery 
CEGF,  in  the  fame  time  that  the  Planet  de- 
fcribes  the  Ellipfe :  And  when  the  Planet  is  in  its 
Aphelion  A,  let  the  circulating  point  be  in  C,  in 
the  Line  of  the  Apfules .  The  Motion  of  this 
point  will  reprcfent  the  equal  or  middle  Motion 
of  the  Planet,  and  the  point  will  defcribe  round 
S  Area’s  or  Seniors  of  Circles  which,  are  propor¬ 
tional  to  the  Times,  and  equal  to  the  Elliptick 
Area’s  the  Planet  at  the  fame  rime  defcribes.  Let 
now  the  equal  Morion  or  the  Angle  round  S  pro, 

portions! 
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po'rtional  to  the  Time  be  CSM;  and  take  the  Le&ure 
Area  ASP  equal  to  the  Sedfor  CSM,  and  then  XXIII. 
the  place  of  the  Planet  in  its  own  Orbit  will  be  P, 
and  the  Angle  MSD,  the  difference  between  the 
true  Motion  of  the  Planet  and  its  mean  Motion, 
is  the  Equation  or  Profthapb<erefis  ■:  And  the  Area 
A  C  D  P  will  be  equal  to  the  Sedfor  D  S  M,  and 
confequently  proportional  to  the  P r oft haph cere fis  ;  The  Are* 
And  confequently  where  this  Area  is  biggeft,  there 
the  Profthaphcerefis  or  the  Equation  will  be  biggeft :  haphaerefis. 
But  the  Area  is  biggeft  in  the  point  E,  where  the  iVbere  the 
Circle  and  the  Eilipfe  cut  each  other.  For  when  Equation  is 
the  Planet  defeends  further  to  R,  the  Equation &ieate  * 
becomes  proportional  to  the  difference  of  the  A- 
rea’s  ACE  and  m  E  R,  or  to  the  Area  GBRw. 

For  when  the  Planet  is  in  R,  let  V  be  the  place  of 
the  point  moving  uniformly  in  the  Circle,  the 
Sedior  CSV  will  be  equal  to  the  Elliptick  Area 
A  S  R  :  And  taking  away  the  common  {paces,  the 
Area  ACE  lefs  the  Area  R  E  m  is  equal  to  the 
Sedtor  V  S  m  or  to  the  Equation. 

I N  the  Perihelion  the  equal  Motion  and  the 
true  Motion  of  the  Planet  coincide ;  for  the  Se¬ 
micircle  C  E  G  is  equal  to  the  Semiellipfe  A  EB. 

But  after  the  Planet  departs  from  the  Perihelion 
B,  its  Motion  is  conftantly  quicker,  and  it  goes 
before  the  point  moving  equally  with  the  mean 
Motion.  For  let  the  Angle  GSZ  be  proportio¬ 
nal  to  the  Time,  take  the  Area  B  S  Y  equal  to 
the  Sedfor  GSZ,  and  Y  will  be  the  place  of  the 
Planet  in  its  Orbit  ;  and  the  Angle  BSY  will  be 
greater  than  the  Angle  GSZ;  and  the  Area 
G  B  Y  L  will  be  equal  to  the  Sedtor  Z  S  L,  whofe 
Angle  is  the  Equation  :  And  where  the  Area  * 

G  B  Y  L  is  greateft,  there  the  Equation  is  greateft, 
that  is,  in  the  point  F,  where  the  Circle  and  Ei¬ 
lipfe  cut  one  another.  In  A  the  Velocity  of  the 
Planet  is  the  leaft  of  all,  bccaufe  the  diftance  S  A 
is  the  greateft  ;  from  thence  the  Planet  defeending 
to  its  Perihelion ,  its  Velocity  will  conftantly  en- 
creafe ;  but  it  will  ftill  be  lefs  than  the  mean 
Velocity,  till  it  comes  to  E,  the  Interfcdtion  of  the 

Eilipfe 
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Le&ure  Ellipfe  and  Circle :  And  there  its  Velocity  be- 
.XXII.  comes  juft  equal  to  the  mean  ;  which  I  thus  prove. 

When  the  Planet  is  in  E,  let  the  point  going  with 
the  equal  or  mean  Velocity  be  in  m,  and  the  A- 
rea’s  defcribed  round  S  in  the  fame  infinitely  fmall 
1  Time  be  n  S  E  and  the  Sedfor  i  S  m,  which  will 
be  equal.  And  therefore  h  E  x  E  S  is  equal  to 
i  m  x  ms:  And  therefore  becaufe  S  m  and  S  E  are 
equal,  h  E  and  i  m  muft  be  equal  ;  and  the  An¬ 
gle  n  S  E  will  be  equal  to  the  Angle  i  S  m.  At 
the  point  therefore  E  the  angular  Velocity  of  the 
Planet  is  equal  to  its  mean  Velocity  :  The  Planet 
going  from  E,  and  approaching  ftill  nearer  to  its 
Perihelion ,  the  Velocity  grows  bigger  than  the 
mean  Velocity,  and  its  diftance  from  the  Sun  be¬ 
ing  conftantly  decreafing,  the  Velocity  will  conti¬ 
nually  increafe,  till  it  comes  to  the  Perihelion , 

.  where  it  is  the  greateft  of  all,  becaufe  the  di¬ 
ftance  S  B  is  the  leaft  of  all.  The  Planet  depart¬ 
ing  from  thence,  and  afcending  to  the  Aphelion,  it 
leaves  the  point  which  proceeds  conftantly  with 
the  middle  Motion,  behind  it ;  but  as  it  goes  far¬ 
ther  off  from  the  Sun  its  Velocity  decreafes,  but 
is  ftill  bigger  than  the  mean  Velocity,  till  it  comes 
to  F,  the  point  of  Interfeddon  of  the  Ellipfe  and 
the  Circle,  where  the  Planet's  angular  Velocity  is 
again  equal  to  the  mean  angular  Velocity  ;  and 
when  it  has  paffed  that  point  its  Velocity  becomes 
lefs  than  the  mean,  and  conftantly  diminifhes  till 
it  arrives  at  the  Aphelion,  where  it  is  the  leaft 
of  all;  its  diftance  from  the  Sun  being  then 
greateft  of  all. 

SINCE  therefore  each  Planet  in  different 
parts  of  its  Orbit  has  different  Degrees  of  Veloci¬ 
ties,  and  the  only  Equality  which  is  obferved  in 
its  Circulation  round  the  Sun  is  the  equal  De- 
feription  or  Increafe  of  the  Elliprick  Area,  which 
grows  bigger  uniformly  with  the  Time  ;  for  to 
determine  the  place  of  a  Planet  in  its  Orbit  at 
any  given  Time,  we  muft  take  an  Elliprick  Area 
that  is  proportional  to  the  Time.  And  to  do  this 
it  is  neceffary  to  folye  the  following  Problem. 

~  KEP* 
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a§7 

Le&ure 

XXII. 

WynI 


To  find  the  Po  fit  ion  of  a  Right  Line ,  which 
faffing  thro ’  one  of  the  Foci  of  an  Ellipfe3 
(hail  cut  off  an  Area  defer ibed  by  its  Mo¬ 
tion  ?  which  fhall  be  to  the  whole  Area  of 
the  Ellipfe  in  a  given  Proportion . 


'HkiSHioSfeJk  E  T  the  Ellipfe  be  A  P  B,  whofe  Focus  TableXXir* 
.  §&  is  S.  I  muft  find  the  Pofition  of  the  5* 

*0§  ^  Right  Line  S  P,  which  cuts  off  the 
Trilineal  Area  ASP,  to  which  the 
whole  Area  of  the  Ellipfe  has  the  fame  Proportion  • 
that  the  Periodical  Time  of  the  Planet  has  to  any 
other  given  Time*  w'hich  Pofition  being  found 
we  fhall  have  the  place  the  Planet  is  in  at  the 
given  point  of  Time.  Or  let  AQB  be  a  Semi¬ 
circle  deferibed  on  the  greateft  Axis  of  the  El¬ 
lipfe  5  we  muft  draw  from  S  the  Line  S  Q,  which 
fhall  cut  off  the  Area  A  S  Q,  to  which  the  Area 
of  the  whole  Circle  is  in  the  above-mentioned 
Proportion.  For  by  fuch  a  Secftion  of  a  Circle  the 
Sedlion  of  the  Ellipfe  is  eafily  found  our,  by  let¬ 
ting  fall  from  the  point  Q  a  Perpendicular  on  the 
Axis  AB;  which  will  cut  the  Ellipfe  in  the  point 
P  required,  to  which  draw  the  Line  S  P,  and  it 
will  be  the  Right  Line  which  divides  the  Area  of 
the  Ellipfe  in  the  given  Proportion ;  fo  that  P 
will  be  the  place  of  the  Planer.  For  the  Elliptick: 

Segment  A  PH  is  to  the  circular  Segment  A  QH 
as  H  P  is  to  H  Qj  that  is,  as  the  Area  of  the 
whole  Ellipfe  is  to  the  Area  of  the  whole  Circle, 
as  is  known  from  the  nature  of  the  Ellipfe:  But 
the  Triangle  S  P  H  is  to  the  Triangle  S  QH  in 
the  very  fame  proportion  by  Prep.  i.  El.  VX  And 
therefore  by  Prop  12.  El.  V.  the  Elliptick  Area 
ASP  is  to  the  circular  Area  A  S  Q.,  as  the  Area 
-  .  - .  of 
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JLedhire  of  the  whole  Ellipfe  is  to  the  whole  Circle :  And 
XXIII.  by  Alternation  the  Area  A  S  P  is  to  the  whole 
Ellipfis  as  the  Area  A  S  Q  is  to  the  Circle.  Hence 
if  we  have  a  Method  of  drawing  thro*  S  a  Line 
which  will  cut  the  Area  of  the  Circle  in  a  given 
proportion,  it  will  be  eafy  to  cut  the  Area  of  the 
Ellipfe  in  the  fame  proportion. 

i(cPL  £i(,  who  firft  propofed  the  Problem , 
knew  no  diredt  Method  of  computing  the  Pla¬ 
net’s  place  from  the  Time  ;  and  exprefly  tells  us, 
that  there  was  no  diredb  way  of  finding,  from  the 
Time  given,  the  true  Anomaly  of  the  Planet;  or 
its  place  in  its  Orbit.  And  therefore  he  found  it 
neceflary  to  go  thro’  every  Degree  of  the  Semicir¬ 
cle  A  QB  ;  and  to  fearch  from  the  Arch  A  Q, 
Tbe  Ano-  which  he  called  the  Anomaly  of  the  Eccentric 4,  the 
rtialy of  the  Time  which  was  exprefled  by  the  Area  AS  Q, 
-ccentnc'.  wj1jcj1  js  proportional  to  the  mean  Anomaly ;  as 
alfo  the  Angle  AS  P,  which  gives  the  true  Place 
and  true  Anomaly  of  the  Planet,  which  he  com¬ 
puted  by  Calculation.  And  therefore  becaufe  he 
could  not  diredfly  and  Geometrically  folve  the 
Problemy  fome  Ajlronomers  objedted  to  him  an  Ayno- 
fUTptjcicc  or  want  of  Geometry  ;  and  that  he  was  fo 
fond  of  Phyfical  Caufes,  that  he  had  departed 
from  Geometry  3  and  they  blamed  his  Afironomy  as 
not  being  Geometrical,  fince  it  was  founded  on 
fuch  a  Theory.  And  therefore  that  they  might 
efcape  the  committing  of  fuch  a  fault,  they  went 
upon  other  <Hypothefes ,  and  feigned  a  point  round 
which  the  Planets  Motion  fliould  be  equal,  or  the 
Angies  proportional  to  the  Times :  And  from 
thence,  the  mean  Anomaly  being  given,  they  cal¬ 
culated  the  true  place  of  the  Planet.  But  the 
Calculations  founded  on  thefe  Bypothefes  was  found 
not  to  anfwer  Obfervations  :  For  there  is  really  no 
fixed  Point  which  is  the  Center  of  equal  Motion, 
round  which  the  Planets  defcribe  Angles  propor¬ 
tional  to  the  Times  :  And  the  only  Theory  that 
aniwers  all  Obfervations  is  that  above  explained  of 
Kapler,  And  therefore  the  Ajlronomers  mud  now 
for  ever  embrace  this  Theory  of  Kepler 9  fince  it 
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not  only  agrees  perfe&Iy  with  the  Motions  bf  the  Le&ure 
Heavens ;  but  alfo  Jays  moft  elegantly  open  the  XXIII. 
Caufe  and  Source  of  all  thofe  Motions.  Kepler 
himfelf  valued  this  Theory  fo  much,  that  he  chofe 
rather  to  take  up  with  an  indirect  Method  of 
Calculation,  than  contrive  another  Hypothefis  that 
was  not  agreeable  to  the  Nature  of  Things ;  and 
for  this  the  ableft  Judges  were  not  difpleafed  with 
him.  Therefore  to  take  away  this  blemifli  of 
want  of  Geometry  out  of  our  Afironomy ,  we  will 
here  fhew  a  diredt  Method  by  which  the  Area  of 
an  Ellipfe,  or  of  a  Circle  which  is  equivalent, 
may  be  cut  in  a  given  Proportion. 

LET  AQ.B  be  a  Semicircle  whofe  Diame¬ 
ter  is  the  greater  Axis  of  the  Ellipfe,  its  Center  * 

C,  and  S  the  Focus  of  the  Ellipfe  in  which  the  Suri 
is  placed.  Thro*  the  place  of  the  Planet  imagine  Tablexxii. 
a  Perpendicular  QH  to  be  drawn  to  the  Axis, 
meeting  with  the  Circle  in  Q :  Then  the  Area 
A  S  Q.  will  be  to  the  whole  Circle  as  the  gi¬ 
ven  Time  is  to  the  Periodical  Time  of  the  Pla¬ 
net.  Draw  C  Q,  and  from  S  let  fall  upon  it, 
produced  if  required,  the  Perpendicular  SF :  The 
Area  A  S  Q  is  equal  to  the  Sedlor  ACQ  and  the 
Triangle  QS  C  ;  that  is,  equal  ~QC  X  AQ  + 

VQC  X  S  F.  And  therefore  becaufe  ~  QC  is  a 
conftant  Quantity,  the  Area  AS  Q.  will  be  al¬ 
ways  proportional  to  the  Arch  AQ  4-  the  Right 
Line  S  F,  when  the  Motion  is  from  the  Aphelion 
to  the  Perihelion :  But  when  the  Planet  afcends 
from  the  Perihelion  to  the  Aphelion ,  the  Area  B  S  g 
is  equal  to  the  Sedlor  B  C  q  —  Triangle  C  S  q  : 

And  therefore  it  will  be  proportional  to  the  Arch 
B<7  —  the  Right  Line  Sf.  Hence  if  we  take 
the  Arch  AN  or  B  n  proportional  to  the  Time, 

AQ.+  SF  will  be  equal  to  A  N,  or  B  q  —  Sf 
-Bn;  for  then  A  N  and  B  n  will  be  propor¬ 
tional  to  the  Area’s  A  S  Q.  and  B  S  q. 

HENCE  if  we  have  the  Arch  A  Q,  and 
add  to  it  the  Arch  QN,  which  is  equal  to  the 
Right  Line  S  F  ;  the  Arch  AN  will  be  propor- 
uonal  to  the  Time,  or  equal  to  the  mean  Anomaly 

U  ~  of 


x9o  ASTRONOMICAL 

Lecture  of  the  Planet :  And  therefore  if  we  have  the  true 

XXIII.  Anomaly  of  a  Planet,  we  may  eafiiy  find  the 
mean,  or  the  Time.  For  let  Q.C  be  to  S  C  as 
57,29578  (  which  Number  expreiles  the  length  of 
an  Arch  in  Degrees  and  parts  of  a  Degree  that  is 
equal  to  the  Radius  )  to  a  fourth  Number :  And 
we  (hall  have  an  Arch  equal  to  S  C  in  Degrees 
and  decimal  Parts.  Call  this  Arch  B:  And  be¬ 
cause  S  C  is  to  S  F,  as  the  Radius  is  to  the  Sine  of 
the  Angle  S  C  F  or  A  C  Q,  fay  as  the  Radius 
is  to  the  Sine  of  ACQ,  fo  is  the  Arch  B  to  a 
fourth  *  and  then  we  fhall  have,  in  Degrees  and 
decimal  Parts,  an  Arch  in  the  Periphery  AQ.B, 
which  is  equal  to  the  Right  Line  S  F :  And  be- 
caufe  S  F  is  equal  to  Q.N,  we  have  the  Arch 
QN,  and  alfo  the  Arch  A  N,  which  is  propor¬ 
tional  to  the  Time. 

LET  us  explain  this  by  Examples  in  the  Orbit 
of  Mars.  The  Eccentricity  of  this  Orbit  is  to  its 
mean  diftance  as  14100  is  to  152369.  And  there¬ 
fore  the  Logarithm  of  the  Arch  B,  which  is  equal 
to  S  C  is  0,7244446  :  And  therefore  if  we  would 
have  the  mean  Anomaly  when  the  Anomaly  of 
the  Eccentrick  is  one  Degree,  add  the  Log.  Sine  of 
i  Degree  to  the  Log.  of  B,  the  Sum  is  8,9662999  : 
This  being  the  Log.  of  the  Number  0,092533, 
exprelfes  the  length  of  the  Arch  QN  in  decimal 
parts  of  a  Degree.  And  therefore  the  Arch  A  N 
or  the  mean  Anomaly  is  1,092533  or  i°.  5'.  33". 
In  like  manner,  if  the  Anomaly  of  the  Eccentrick 
be  30°,  to  its  Log.  Sine  add  the  conftant  Log.  of 
B;  and  the  Sum  will  be  0,4234146;  which  is 
the  Log.  of  the  Number  2,651.  And  therefore 
the  mean  Anomaly  A  N  anfwering  to  30  Degrees 
of  the  Eccentrick  Anomaly,  is  32,65 1,  or  32°.39'.3"* 
This  Method  is  much  quicker  and  eafier  than 
that  which  J^epler  gives,  where,  by  an  indirect 
Method  and  the  Rule  of  falfe  Pofition,  he  fliews 
Low  to  compute  the  true  Anomaly  from  the 
mean. 

LET  us  now  come  to  the  Method  I  promifed 
of  dire&iy  finding  the  true  Anomaly  from  the 

m©a§ 
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mean:  In  the  Figure  let  the  Arch  A  N  be  the  Le&ure 
mean  Anomaly,  or  proportional  to  the  Time ;  A  Q.  'fflh 
the  Anomaly  of  the  Eccentrick  which  is  to  be  f 
found.  Call  the  Arch  N  Q y7  and  the  Sine  of 
A  N  call  e,  and  Co-fine  f;  and  let  the  Eccentricity 
SC  beg.  The  Sine  of  the  Arch  A  Q  is  equal  to 
the  Sine  of  the  Arch  AN  —  NQ,  equal  to  the 
Sine  of  the  Arch  A  N  —  y.  But  we  have  demon- 
ftrated  in  the  Elements  of  Trigonometry ,  that  if  the 
Sine  of  the  Arch  AN  be  p,  the  Sine  of  the  Arch 

fy  p  iia  f 

AN  —  y,  or  of  A  Q.,  will  be  e  —  —  —  —  + 


'+ 


tj 


1. 2.34 


&c.  But  the  Radius  which  is.  1  is  to 


the  Sine  of  the  Arch  A  Q.  as  S  C  or  g  is  to  S  F  or 
N  Q;  that  is  to  y :  And  therefore y  ==  g  e  — 


&1A_  \  ZfJl  All L  And  therefore  we 

i.z  1.2.3  1. 2. 3.4 

gfy  ,  ££&  g'J* 


have  ge~y  +  “  +  ,  .  “  ,  ~ 


i.z  1.1.3  1.1.34 


&c.  Let  ge 


g  e 

and  1  /  g  ^ 


jJL-  —  c  .  and  — — -  =  d.  And  the  Equation 
1.2.3  5  1. 2.3.4 

will  be  in  this  Form  *  ==  ay  -\-by  —  c y*  -4-  dy* 
Sec.  And  therefore  by  the  Method  of  Reverfion 
of  Series  invented  by  Sir  ISAAC  NEWTON, 

*  2  ^+4C 

We  have  >  =  — - a3  +  a,  V 

; _  - - - - v  g*  Sec.  But  becaule 

h  and  d  =  ^  we  fliall  have  ^  =  7 

2  2  24  * 

—  — — L  ~ - --4-  &c.  But  if  the  Arch  AN  be 

2  43  1  4*  2  4* 

greater  than  9c  Degrees  and  lefs  than  270,  then  g*  oc 

u  %  ■  5  s? 


**•,  T” - 1 

Ledture 
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g'r 


gfy' 


ixxiil  * -  y  -  sfy  +  -t"  +  7T7  ~ 


gey* 
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then  4  =  1  -  and>  =  -J  -  ^  &c. 

This  Series  exprefTes  the  Arch  QN  in  parts 
whereof  the  Radius  is  100000  :  But  to  have  it  in 
Degrees  and  parts  of  a  Degree :  Say  as  the  Ra¬ 
dius  is  to  this  Series,  fc  is  57,29578,  which  are 
the  Degrees  of  an  Arch  equal  to  the  Radius,  to  a 
fourth  ;  confequently,  fince  the  Radius  is  Unity, 
if  we  multiply  the  Series  by  57,29578,  which 
number  call  R,  we  fhall  have  the  Arch  y  in  De- 
f  R  2'  R  2*3  R  c  2$ 

grees  and  decimal  parts  =  —  —  — i  4-  ^  - 

The  very  firft  Tefm  of  this  Series  is 

fufficient  to  determine  the  Anomaly  of  the  Eccen- 
trick  in  almoft  all  the  Planets,  nearly  enough.  For 
in  Mart  the  Error  feldom  exceeds  the  200 th  part 
of  a  Degree :  In  the  Earth  it  is  lefs  than  the 
10006 th  part  of  a  Degree.  But  it  will  be  belt  to 
lftew  the  ufe  of  this  Method  by  Examples. 

IN  the  Earth’s  Orbit  the  Eccentricity  is  0,0 16914 
when  the  mean  diftance  C  Q.  is  1.  Suppofe  we 
are  ro  find  the  Anomaly  of  the  Eccentrick,  and 
the  equated  Anomaly  when  the  mean  Anomaly 
is  30  Degrees, 

The  Log.  of  Eccentricity  is  —  8,2281436 
The  Log.  Sine  of  3 o*  — *■  —  9,6989700 
The  Log.  of  R  —  —  1,7581226 


The  Log.  of  R-£  9,6852362 

The  Log.  of  4  fubftradfc  * —  0,0063137 

The  Log.  of  the  Arch  y  — —  9,6789225 

To  which  anfwers  the  Number  0,47744,  or  in 
fexagefimal  Numbers  28'.  38" :  The  reft  of  the 
Terms  don’t  amount  to  the  10000th  part  of  a 
Degree,  and  may  therefore  be  neglected.  If  there¬ 
fore  from  30  Degrees  we  deduct  28'.  38",  we  (hall 
have  the  Arch  A  Q*  28°.  31',  22".  In  the  Trian¬ 
gle 
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gle  QCS  we  have  the  (ides  Q.C,  CS  and  the  Le&ure 

Angle  S  CQ:  Wherefore  we  fhall  have  the  An-  XXIII. 

gle  QS  C.  The  Analogy  isQC-f-  CSorAS; 

^  ~  CSQ-iCQS 

Q.C  —  C  S  or  E  S  : :  Tangent  - - - - : 

Tangent  of - — —  -  ^  Therefore  if  from 

the  Tangent  of  half  the  Angle  ACQ  we  fub- 
ftradfc  a  conftant  Log.  0,0146893,  we  (half  have 
the  Tangent  of  an  Angle,  which  added  to  half  the 
Angle  A  C  Q.  gives  the  Angle  CSQ  or  A  S  Q, 
which  in  the  prefent  Cafe  is  290.  3'.  7".  But  for 
to  find  the  Angle  ASP  toe  mult  diminifh  the  Plate  XXII. 
Tangent  of  the  Angle  A  S  Q,  in’  the  ‘Proportion  FlS* 
of  the  bigger  Axis  of  the  Ellipfe  to  its  leffer. 
Therefore  from  the  Logarithmick  Tangent  of 
ASQtake  away  the  conftant  Log.  0,0000622, 
which  is  the  Log.  of  the  [{atto  of  the  greater 
Axis  to  the  lefs,  and  we  (hall  have  the  Log.  Tan¬ 
gent  of  the  Angle  ASP,  which  Angle  is  equal  ta 
290.  2'.  54".  And  this  is  the  coequated  Anomaly. 

I  N  the  Orbit  of  Mars  the  Eccentricity  is  14100 
of  fuch  parts  as  the  mean  diftance  is  152369.  And 
therefore  the  Log.  of  the  I^atio  of  S  C  to  C  Q  is 
8,9663226  =  Log.  of  g.  Let  us  find  the  Ano¬ 
maly  of  the  Eccentrick  when  the  mean  Anomaly 
is  1  Degree, 

The  Log.  of  Eccentricity  —  8,9663226 

The  Log.  Sine  of  1  Deg.  * —  8,2418453 

The  Log.  of  R  —  — *  1,7581220 


The  Log.  of  R  3;  — 

The  Log.  of  a  fubftradfc 

R  K 


8,9662899 

0,0384299 


The  Log.  of - - 8,9278600 

a 

Tirfl ,  THE  Number  anfwering  this  Log.  is 
0,08497,  and  gives  the  bignefs  of  the  Arch  N  QT 
and  the  Error  is  lefs  than  the  30000 th  part  of  i 
Degree. 
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Ledure  idly,  S  U  P  P  O  S  E  the  mean  Anomaly  is  4,5 
XXIII.  Degrees,  and  I  am  to  find  the  Anomaly  of  the 
Eccentnck. 

The  Log.  of  Eccentricity  — 

The  Log.  Sine  of  450  — 

(The  Log.  of  R  — 


K 


9663H6 

9,849485-0 

I,758l22o 


The  Log.  of  — 

,The  Log.  of  a  fubftrad 


the  Log.  of 


Rj 


t>  ,  A 
■'*>  ”  A  - 


0,5739i96 

0,0275249 

J  .a-  4.  >  i 

0,5464047 


•  .  *  t 

1T0  which  anfwers  the  Number  3,5189,  which  is 
more  than  the  Truth  by  about  150th  part  of  a 
Degree  :  And  to  corred  this  Error  take  the  fecond 


-  f  f  f- 


Term  of  the  Series 


R  a  -f  ill  c  X15 


2a‘ 


which 


will  be  found  equal  to  the  Ffadion  0,0065,  and 
fubftrad  this  from  the  firftr,  there  will  remain 
3,5124,  which  expreftes  the  Arch  NQ,  true  to 
jooooctb  parts  of  a  Degree. 

3 dly>  LET  us  find  out  the  Anomaly  of  the 
Eccentrick  when  the  mean  Motion  is  1 00  De¬ 
grees  :  In  this  Cafe  a  =T  --£/=:  0,98393c. 

The  Log.  Eccentricity  of  of  g  8,9663226 

The  Log.  Sine  of  100®  or  of  80®  9,9933515 

The  Log.  of  R  —  ,T  —  1,7581220 

. _ _ 

.  o,7I7796i 

— '  9,9919598 


The  Log.  of  R* - - 

'  (The  Log.  of  a  fubftradfc  — 

R*.  1  ,  •>  t  s’ 

K 

The  Log.  of  — -  — ~ —  0,7248363 

The  Number  anfwering  to  this  Log,  is  5,3068, 
which  is  greater  than  the  Truth  by  about  the  50 th 
part  of  a  Degree  :  And  therefore  tp  corred  this 

Efror,  double  the  Log.  of  and  to  the  Produd 
\  a 


kdd  the  Log.  of 


R* 


a 


and  we  (hall  have  the  Logo 

of 
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V  4  L  E  Ch 


%9S 

.  c  R  Z*  ,  ,  VT  .  r  .  .c  Le&ure 

of  ~~f>  and  the  Number  anlwering  to  it  is^XHI 

R  & 

0,04552,  whofe  half  0,02276  is  equal  to  — • 

This  being  fubftradfed  from  the  former,  there 
will  remain  5,2841  for  the  Arch  NQ.;  which  is 
not  the  looooth  part  of  a  Degree  diftant  from  the 
Truth.  It’s  hereto  be  obferv’d*  that  though  the 


fecond  Term  of  the  Series  be  — 


R  a  — P'  2  R  c  x  ^ 


2  4*, 

.  .n,\  A,  «  '  3 

is  fufficient  to  deter- 


yet  the  part  of  it  —  ,,  a3 

mine  AQ,  truelj  to  .the  10000th  part  of  a  De«- 
gree. 

H  A  V  I  N  G  found  the  Arch  A  Q.  or  the  An¬ 
gle  A  C  Q,  we  compute  the  Angie  A  SQ.  by 
the  Refolution  of  the  Triangle  Q.CS,  whdfe 
fides  Q.C  and  CS  are  given* ‘  with  the  Angle 
Contained  between  them  :  And  then  the  Loga¬ 
rithm  Tangent  of  the  Angle  A;S  Q  is  to  be  di- 
miniflied,  by  taking  from  it  the  Logarithm  of  the 
Ratio  of  the  greater  Axis  to  ihe  -left*:  And  then 
there  will  remain  the  Logkrithmick  Tangent  of 
the  Angle  ASP,  which  is' the  true  or  coequated 
Anomaly. 

•  *  •  !r  r.r  ■*  *  ~  r . 
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LECTURE  XXIV. 


Sir  I  S  A  A  C  NEWTON’s  Solution 
of  Kepler's  Problem ,  and  Ward’s  Ellip- 
tick  Hypothefis  explained. 


U  R  Method  of  Solution  explained 
in  the  preceding  Lefture,  and  that 
of  Sir  ISAAC  N  BATON’S 
delivered  by  him  in  his  Principles, 
fag,  1 01,  are  built  upon  the  fame 
]  foundation ;  which  is,  that  the  Right  Line  S  F 
is  equal  in  length  to  the  Arch  Q.N:  But  the 
Newtonian  Method  is  not  unlike  to  that  ufed  by 
the  Analyfts ,  when  they  extraCfc  the  Roots  of  af¬ 
fected  Equations :  And  it  is  lo  much  more  to  be 
valued,  that  it  not  only  gives  eafily  the  Planets 
Places  whofe  Orbits  are  nearly  circular  ;  but  al- 
moft  with  the  fame  Eafe  it  may  be  ufed  to  de¬ 
termine  the  Comets  places,  who  have  very  Ec- 
centrick  Orbits.  And  this  may  likewfe  be  per¬ 
formed  by  our  Method,  if  inftead  of  the  Arch 
A  N  we  take  another  Arch  A  more  nearly  equal 
to  A  Q,  whofe  Sine  is  e  $  and  inftead  of  making 
5  "g  e,  fuppofe  ^=^f+A-AN.  And  find¬ 
ing  the  Sine  of  the  Arch  A  ^hy  we  fiiall  come  to 
an  Equation  of  the  fame  Form  with  the  former, 
where  3  and  y  are  much  lefs,  and  confequentiy 
the  Series  will  converge  much  fafter* 

I  will  here  explain  the  Newtonian  Method,  fince 
it  is  of  great  Ufe  and  Expedition,  for  the  fake 
<of  thofe  who  are  willing  to  calculate  Tables  up¬ 
on  Principles  grounded  on  the  true  Laws  of  Mo* 


iui,  $nd  not  upon  abfurd  Hypothefes, 

~ .  sr? 


/ 
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W  E  have  already  fliewed  rhat  if  the  Arch  Le&ure 
A  Q  be  the  Anomaly  of  the  Eccentrick,  that  to-  XXIV. 
gether  with  the  Right  Line  S  F  let  fall  from  S 
upon  the  Radius  G  Q  perpendicularly,  will  be  pro¬ 
portional  to  the  Time,  when  the  Planet  defcends  Tdpi|.XI^111 
from  the  Aphelion  to  the  Perihelion  ;  and  the  Dif¬ 
ference  between  the  Arch  B  Q  and  S  F  pro* 
portional  to  the  time  when  it  afcends  from  the 
Perihelion  to  the  Aphelion :  And  therefore  if  we 
take  the  Arch  AN  or  B  N  proportional  to  the 
Time,  the  Arch  QN  will  be  equal  to  S  F. 
Therefore  to  find  in  Degrees  and  decimal  parts 
the  meafure  of  an  Arch  in  the  Periphery  which 
is  equal  to  S  F :  Say  as  CQ  is  to  CS,  fo  is 
57,29578  Degrees,  which  is  equal  to  the  Radius, 
to  a  fourth:  This  Number  will  exprefs  the  big- 
nefs  of  an  Arch  in  the  Periphery  AQB  which 
is  equal  to  CS:  The  Log.  of  this  Arch  call  3-  ^ 

And  becaufe  SC  is  to  S  F  as  the  Radius  is  tQ 
the  Sine  of  the  Angle  A  C  Q ;  fay  as  the  Ra¬ 
dius  is  to  this  Sine,  fo  is  the  Arch  whofe  Log.  is 
B  to  another  which  call  D ;  then  this  Arch  D 
will  be  equal  to  S  F.  And  therefore  if  at  the 
given  Time  the  Arch  A  N  and  the  Area  A  S  Q 
are  proportional  each  to  the  Time,  and  I  take 
N  P  equal  to  D,  the  point  P  will  fall  on  Q:  But 
if  the  Area  A  S  Q  be  not  exactly  proportional  to 
the  Time,  the  point  P  will  either  fall  above  or 
below  Q,  according  as  the  Area  A  S  Q  is  big¬ 
ger  or  lefs  than  the  Truth.  Let  the  true  Area  be 
A  S  7,  and  upon  C  7  let  fall  the  Perpendicular 
SE;  which  by  what  we  have  already  fhcwed  is 
equal  to  N  7 :  And  therefore  S  E  —  S  F  or 
S  F  —  S  E,  that  is  nearly  the  Line  L  E  is  equal 
to  7  P  QP  —  Q a  or  Q  7  —  Q  P.  Now  if 
the  Angle  QC  7  be  fmall,  we  have  C  E  :  C  7  :  : 

L  E  :  Q7  :  :  QP  —  Q  7  :  Q7.  And  therefore 
CE  +  C  7  :  C  7  :  :  QP  :  Q  7.  After  the  fame 
way,  when  B7  is  lefs  than  a  Quadrant,  C  7  —  C  E: 

C  7  :  :  QP  :  Q7,  When  the  Planet  is  near  the 
Aphelion  or  Perihelion ,  C  E  becomes  nearly  equal  , 
to  C  S  ;  and  C  Q  4*  C  E  is  almoiit  the  fame  with 

.  A  Sr 
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Le&ure  A  S  :  And  therefore  QP  :  Q q  : :  A  S  :AC,  whem 
XXIV.  the  Arch  A  q  is  lefs  than  a  Quadrant ;  but  when 
B  q  is  lefs  than  a  Quadrant,  then  as  S  B  :  C  B  :  s 
QP  :  Q#.  Say  as  C  S :  C  Q:  :  R  the  Radius  to 

£  S  x  L 

a  Line  L,  and  then  C  Q  —  — — •  Alfo  the 

Radius  is  to  the  Cofine  of  A  C  Q  as  S  C  :  C  F  or 

CE,  which  are  nearly  equal:  Wherefore 

_  sex  Cofine  A  Q  , 

CE  —  - - - - ->  whence  we  have  the 


R 

Analogy  QP  :Qq:: 
C  S  X  L 


S  C  X  L  +  S  C  X  Cof.  A  Q  . 


R 


mi 


R 


: :  L  4-  Coline  A Q:  L  $  when  A  Q  is 

'  .  :  V  i 

lefs  than  a  Quadrant :  But  if  it  be  greater  than  a 
Quadrant,  QP  will  be  to  Qf  : :  L  —  Cofine 
A  Q :  L.  And  in  this  manner,  if  there  be  an 
Arch  taken  as  A  7,  which  is  either  a  little  lefs  or 
bigger  than  the  Truth,  we  fhall  find  the  Arch  AQ* 
which  is  to  be  added  or  fubftra&ed ;  fo  that  the 
Area  A  S  Q  may  be  nearly  proportional  coj  the 
iTime.  And  if  inftead  of  A  Q  we  take  another 
Arch  A  Q,  and  argue  as  in  the  former  Arch,  we 
fhall  have  a  new  A  q  nearer  to  the  Truth :  And. 
by  this  means  we  fhall  conftantly  approach  to  the 
true  Arch,  fo  that  the  Difference  may  be  lefs  than 
any  given  Quantity.  :  ‘ 

THERE  is  no  need  of  explaining  this  Me¬ 
thod  any  farther,  we  will  only  illuftrate  it  with 
Examples  in  the  Motions  of  the  Planet  Mars .  -In 
Mars* s  Orbit  the  Logarithm  B  is  0,724444 6  ;  and 
the  Longitude  L  is  1080631  of  fuch  parts  as  the 
Radius  is  100000.  ' 

LET  us  find  the  Angle  A  C  Q,  when  the 
'mean  Anomaly  or  Arch  proportional  to  the  Time 
is  only  one  Degree:  Becaufe  CS  is  almoft  the 
To th  part  of  C  A.  I  fuppofe  A  Q  to  be  0,9  Deg. 
that  is  a  tenth  part  lefs  than  the  mean  Anomalyi 
'Add  the  Log.  Sine  of  0,9  to  the  Log.  B,  and  the 
Sum  is  8,9205466  =  to  the  Log.  of  the  Number 
^,0832815  this  Number  exprelTes  the  bignefs  of 
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I  Arch  equal  to  S  F  =  N  P :  And  if  the  Arch  Ledfur^ 

!  A  Q.  had  heen  rightly  affum’d,  AN  —  N  P  had  XXIV.* 
been  equal  to  AQ,  and  Q_P  r:o,  But  in  the  pre- 
fent  Cafe  QP  is  equal  0,01671  ;  from  which  if 
I  take  away  its  tenth  part,  becaufe  A  S  is  greater 
than  AC  by  about  a  tenth  part,  we  (hall  have 
Q*  =0,01  504,  which  being  added  to  AQ 
gives  A  7  =  0,91504. 

2 dly,  LET  the  Arch  A  N  or  the  mean  Ano¬ 
maly  be  2  Degrees  ;  I  fuppofe  the  Arch  A  Q  to, 
be  1,83,  almolt  double  of  the  former;  and  ad¬ 
ding  to  its  Log.  Sine  the  Log.  B,  the  Sum  is 
9,2286992,  the  Log.  of  the  Number  0,16931. 

And  then  QP  7=  0,00069  ;  from  which  fubflradt- 
ing  a  tenth  part,  CL/  is  nearly  ==  0,000063^  and 
A  q  1,83063,  which  is  not  the  1  ooooth  part  of  a 
Degree  different  from  the  Truth. 

3 dly,  S  U  P  P  O  S  E  the  Arch  proportional  to 
the  Time  to  be  3  Degrees,  I  take  A  Q  to  be 
2,745  =  1,83  -4-  0,915  ;  and  to  its  Log.  Sine  ad¬ 
ding  the  Log.  B>  we  have  the  Log.  of  the  Num¬ 
ber  0,25392  — :  N  P,  and  AN  —  N  P ~  2,74638, 
therefore  Q7  —  0,001  nearly,  and  Aq 2,746: 

So  that  by  one  Addition  of  two  Logarithms  we 
.  have  the  Arch  A  q  true  to  the  thoufandth  part  of 
a  Degree.  1  ' 

4 thly,  NOW  if  we  fhould  not  proceed  by  (in¬ 
gle  Degrees,  but  were  to  find  the  Angle  A  C  Q 
when  the  mean  Anomaly  is  much  larger  ;  for  Ex¬ 
ample  450 :  I  make  my  Suppofition  that  the  Arch 
AQ  is  40  Degrees,  and  to  its  Log.  Sine  add  the 
Log.  B  ;  the  Sum  is  0,5320121,  equal  to  the  Log. 
of  the  Number  3,4081,  which  Number  fubftradted 
from  45,  leaves  AM  —  N  P  —  41,5909;  which 
exceeds  the  Arch  A  Q  by  1,5919.  And  therefore 
if  we  take  as  L  -4-  Cohne  A  Qco  L,  fb  ,5919  to 
a  fourth,  we  fliall  have  the  Area  Q  q  ri,x#i6  5 . •  And 
therefore  Aq  —  41,4865,  which  Joe's  not  differ 
much  above  the  thoulandth  nart  of  a  Degree  from 
the  Truth.  But  without  this  proportion  we  night 
have  found  A  7  by  taking  an  Arch  which  is  fome- 
wnat  lefs  than  AN  —  N  P,  but  nearly  equal  to 
it.  Suppofe  we  had  made  AQ-  41,5,  and  ad¬ 
ding 
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Le<5hire  ding  its  Log.  Sine  to  the  Log.  B,  we  fhall  have 

XXIV.  another  Arch  NP  — 3,5*32,  which  fubftradted 
from  AN  gives  41,4868  for  a  new  Aq,  And 
this  Arch  is  eafier  found  than  by  the  former  pro¬ 
portion  ;  and  befides  comes  nearer  to  the  Truth 
than  the  laft  A  q  was. 

5 thlyr  AFTER  having  found  A  q  or  the  A- 
nomaly  of  the  Eccentrick,  that  anfwers  to  the 
mean  Anomaly  of  45  Degrees ;  if  we  fhould 
again  proceed  by  fingle  Degrees,  by  only  one  Ad¬ 
dition  of  two  Logarithms,  we  may  find  the  Ano¬ 
maly  of  the  Eccentrick  to  all  the  following  De¬ 
grees  of  the  Semicircle,  when  the  mean  Ano¬ 
maly  is  46  Degrees  I  make  A  Q  to  be  42,4,  and 
adding  its  Log.  Sine  to  the  Log.  B,  I  find 
AN  —  N  P  42,4249  ;  to  which  if  I  make  the 
new  A  Q. equal,  I  fhall  have  an  Aq,  which  is  not 
\ioooth  part  of  a  Degree  diftant  from  the  true 
Anomaly  of  the  Eccentrick.  So  likewife  when 
the  mean  Anomaly  is  47  Degrees,  I  take  A  Q 
43 ,36  ==  to  the  former  A  q  -1-  the  Increment  that 
accrues  to  it  by  adding  a  Degree:  And  adding 
the  Log.  B  to  the  Log.  Sine  of  43,36,  the  Sum 
is  the  Log.  of  the  Number  3,6402*  which  fub- 
ftra&ed  from  A  N  leaves  AN  —  NP"  43,3 5 98 
equal  to  a  new  A  q  :  And  this  Arch  is  about 
the  10000th  part  of  a  Degree  different  from  the 
true  Anomaly  of  the  Eccentrick. 

6thly,  IF  again  palling  over  the  intermediate 
Degrees  I  would  hnd  the  Arch  A  q  when  the 
mean  Anomaly  is  100  Degrees;  I  make  AQ 
equal  96  Degrees,  and  adding  its  Log.  Sine  to  the 
conftant  Log.  B,  the  Sum  is  the  Log.  of  the  Num¬ 
ber  5,273,  and  AN  -  NP  n  94,727.  There¬ 
fore  I  put  again  A  Q,—  94,72,  and  adding  toge¬ 
ther  its  Log.  Sine  and  the  l  og.  B,  I  have  the  Log. 
of  the  Number  5,285,  which  fubflra&ed  from 
AN  leaves  A  q  —  to  94,715.  In  like  manner 
when  the  mean  Anomaly  is  101  Degrees,  I  make 
A  Q.  95,71  ;  and  I  findNP  to  be  5,2756*  which 
fubftradted  from  101,  leaves  A  q  95,7244.  And 
here  again,  if  we  proceed  by  Degrees,  we  fhall 
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have  the  Eccentrick  Anomaly  conftantly  by  the  Ledhire 
Addition  of  two  Logarithms,  one  of  which  being  XXIV. 
conftantly  the  fame,  may  be  fee  once  down  in  a 
piece  of  Paper  by  itfelf,  and  the  Labour  fav’d  of 
frequently  tranferibing  it. 

LET  us  now  pafs  to  another  fort  of  Orbit 
whofe  Eccentricity  bears  a  great  proportion  to  its 
mean  diftance.  For  Example,  Let  us  fuppofe  the 
uifhelion  diftance  to  be  to  the  Perihelion  diftance 
as  70  is  to  1  ;  and  fuch  is  nearly  the  Orbit  of 
that  Comet  which  Dr.  Halley  firft  found  to  com- 
pleat  its  Period  in  75  {  Years.  Here  A  C  or  CQ. 
the  mean  diftance  is  35,5,  and  CS  is  34,5  of  fuch 
parts  as  SB  is  1.  And  the  conftant  Log.  B  is 
1,7457133.  We  muft  find  the  Arch  B^  when  Table XXft; 
the  mean  Anomaly  computed  from  the  Perihelion 
is  tvt  of  a  Degree.  I  fuppofe  B  d  to  be  0,35 :  To 
its  Log.  Sine  add  the  Log.  of  B,  and  the  Sum  is 
the  Log.  of  the  Number  0,34013,  which  added 
to  the  Arch  AN  makes  ,35013.  If  this  Arch 
had  been  only  35,  B  d  had  been  rightly  taken  ; 
but  the  difference  is  0,00013.  And  therefore  be- 
caufe  C  B  is  to  SB  as  35,5  to  1  5  multiply  the 
difference  ,00013  by  35,5,  and  we  lhall  have  d^ 

,0046 1 5,  and  the  Arch  B  y  —  0,35461 5  ;  and 
the  Error  lef$  than  ,0003  of  a  Degree.  Again, 
let  the  mean  Motion  be  ,02,  I  put  B  CL  —  0,7 1 ,  and 
adding  its  Log.  Sine  and  B  together,  I  have  the 
Log.  of  the  Number  0,68998,  and  BN  -1-  N  P 
—  , 7Q998  :  The  difference  is  0,00002  ;  which  mul¬ 
tiply  by  35,5,  and  the  Produd  fubftraded  .from 
B  Cl  leaves  B  f  —  0,7092  ;  and  the  Error  is  not 
greater  than  the  ttstt  part  of  a  Degree.  If  the 
mean  Anomaly  be  0,03,  I  make  BCL  —  1,06, 
and  adding  its  Log.  Sine  to  B,  I  have  the  Log.  of 
the  Number  1,03008,  to  which  add  the  Arch 
B  N  ;  the  Sum  is  1,060088,  which  is  greater  than 
Bd:  Wherefore  if  the  difference  ,00008  be  mul¬ 
tiplied  by  3  5,5*  and  the  Produd:  added  to  B  d* 
we  lhall  have  B  —  1,06284.  In  the  fame  man¬ 
ner  when  the  mean  Anomaly  is  ,04,  I  fuppofe 
B  d  ],4,  and  I  find  P  N  =  1,3604,  ro  which 
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itedture  adding  ,04  the  Sum  is  1,4004^  which  exceeds  1,4 
XXIV.  by  ,00045  fnultiply  this  difference  by  35,5,  and 
the  Produd  will  be  ,0142  —  a?,  and  therefore 
B  q  — :  1,4142.  In  all  thefe  Examples  the  Errors 
are  very  fmall,  feldom  exceeding  the  loootb  part 
of  a  Degree. 

LET  us  now  find  the  Anomaly  of  the  Ec- 
centrick,  when  the  mean  Anomaly  is  one  Degree. 
Here  I  make  B  0,=  20  Degrees,  and  adding  its 
Log.  Sine  to  B,  I  have  the  Log.  of  the  Number 
19,045,  to  which  adding  1  the  Sum  is  20,045, 
and  is  greater  than  20  by  ,045.  And  becaufe  ill 
this  Example  L  —  Cofine  B  CL  is  to  L  as  1  is  to 
1 1,5  nearly:  I  multiply  the  difference  ,045  by 
11,5,  and  the  Product  0,5175  added  to  BQ.makes 
20,5175.  Therefore  idly  I  make  B  Q.20,5 1,  and 
N  P  will  be  19,5092  5  to  which  adding  B  N  the 
Sum  is  20,5092.  And  therefore  if  the  difference 
,0008  be  multiplied  by  11,5,  and  the  Produdt 
50092  fubftra&ed  from  BQ^,  there  will  remain 
B  y  =  20,5008. 

Laflly ,  LET  the  mean  Anomaly  be  2  Degrees  .5 
I  put  BQ.tr:  30  Degrees,  and  then  I  find  NP 
27,84  ;  to  which  adding  2,  and  the  Sum  is  29, 84* 
which  is  lefs  than  30  Degrees:  Multiply  the  dif¬ 
ference  ,16  by  6,3,  (  for  L  —  Cofine  B  Q.is  to  L 
as  6,3  to  1  )  and  we  have  1,008  =  Q.y  :  And 
therefore  this  Arch  fubftra&ed  from  B  Q.  gives 
B  y  =  28,982.  Therefor©  to  corred:  the  Error,  I 
put  again  BQ.tr;  29  Degrees;  and  by  a  like 
procefs  I  find  B  7  r~  28,9672.  Having  found  the 
Angle  AGQ^,  the  Angle  A  S  Q^  is  eafily  found, 
fable xxii. For  in  the  Triangle  Q.C  S  we  have  the  fides 
t  &g*  5»  6.  Q^C,  C  S  and  the  Angle  Q.C  S :  Therefore  we 
lhall  find  the  Angie  A  S  Q  and  the  fide  S  Q.; 
then  fay  as  the  greater  Axis  of  the  Ellipfe  is  to 
its  lefs,  fo  the  Tangent  of  the  Angle  A  S  Q,  is  to 
the  Tangent  of  ASP,  which  will  thereby  be 
found  ;  and  it  is  the  coequated  or  true  Anomaly. 
Again,  fay  as  the  fecant  of  the  Angle  A  S  Q.  is 
to  the  fecant  of  A  S  P,  fo  is  S  Q.  to  S  P  the  di- 
flance  of  the  Planet  from  the  Sun,  Or  perhaps 
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thefe  things  may  be  eafier  computed  in  this  man-  Le&ure 
ner.  Having  the  Arch  A  we  have  its  Sine  XXIV. 
CLH  and  its  Coline  H  C  :  But  we  have  S  C  in 
fuch  parts  as  the  Radius  or  C  Q,  is  100000; 
therefore  we  have  H  S.  Say  as  the  greater  Axis 
of  the  Ellipfe  is  to  its  lefs,  fo  is  Q^H  to  P  H, 
which  will  therefore  be  given.  In  the  Rectangle 
Triangle  P  H  S,  we  have  alfo  the  lides  P  H  and 
H  S,  wherefore  we  can  find  PSH  the  true  Ano¬ 
maly,  and  P  S  the  diftance  of  the  Planet  from 
the  Sun. 

BECAUSE  in  the  Aphelions  and  Perihelions 
the  points  Q.  and  N,  or  the  mean  and  true  place 
of  a  Planet  coincide ;  and  in  the  firft  Semicircle 
of  Anomaly  the  mean  place  is  before  the  true 
place,  in  the  fecond  the  mean  place  is  behind  the 
true ;  if  we  have  determined  the  Polition  of  the 
Apjides  of  the  Earth’s  Orbit,  we  fhali  know  the 
Time  when  the  true  and  mean  place  coincide.' 

For  when  the  Sun  is  obferved  in  that  point  of 
the  Ecliptick  where  the  Perihelion  is,  then  the 
Earth  is  in  the  Aphelion.  And  having  this  Mo¬ 
ment  of  Time  by  Ajlronomical  Tables,  we  fhali 
have  the  mean  Anomaly  for  any  other  Time,  as 
likewife  the  Arch  A  N.  For  thefe  Arches  are 
computed  according  to  the  proportion  of  the 
Times,  and  are  placed  orderly  in  the  Tables.  NoW 
having  for  any  point  of  Time  the  Arch  A  N,  we 
have  (hewed,  how  from  thence  we  may  compute 
the  true  Anomaly,  and  the  place  of  the  Earth  in 
the  Ecliptick,  to  which  the  place  of  the  Sun  is 
always  oppofite. 

BESIDES  the  Theory  of  Kapler ,  according 
to  which  the  Planets  do  really  regulate  their  Mo¬ 
tions,  there  is  another  Elliptick  Hypothefis  which 
has  been  chiefly  improved  by  two  moft  Celebra¬ 
ted  Aftronomers,  Ifmael  Pullialdus  and  Dr.  Seth 
IVard,  formerly  ProfefTor  in  this  Chair  and  af¬ 
terwards  Bifliop  of  Salisbury ,  by  whofe  Pains 
Afironorny  has  been  much  advanced.  And  fince 
this  Hypothefis  does  not  want  Elegance,  and  a 
neatnefs  in  Geometry;  and  besides  it  admits  of 
*n  eafinefs  in  computing,  we  will  here  briefly 
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Ledirurd  explain  it.  In  this  Hypothecs,  with  Kepler]  it 

XXIV.  is  fuppofed  that  the  Planets  Orbits  are  Ellipfe 
and  that  they  have  all  one  common  Focus  in 
which  the  Sun  refides.  Moreover  they  fuppofe 
that  each  Planet  does  move  in  the  Periphery  of 
its  Orbit,  in  fuch  a  manner,  that  drawing  Rays 
or  Lines  to  the  other  Focus,  they  defcribe  Angles 
proportional  to  the  Times.  Thefe  things  being 
fuppofed  Dr.  Ward  (hews  an  elegant  Method  of 
finding  the  true  Anomaly  from  the  Mean,  having 
determined  the  Species  of  the  Planet’s  Orbit  $ 
And  it  is  as  followeth. 

Tablexxm  LET  APB  be  the  Ellipfe  which  the  Planet 
fig,  2.  defcribes,  A  P  the  Line  of  the  Apfides,  S  the  Fo¬ 
cus  in  which  the  Sun  is  placed,  F  the  other  or  the 
upper  Focus,  which  is  the  Center  of  equal 
Motion.  Let  the  Angle  A  F  L  be  proportional  to 
the  time,  or  be  the  Mean  Anomaly,  then  L  will 
be  the  place  of  the  Planet  in  its  Orbit,  and  the 
Angle  A  S  L  the  Co-equated,  or  true  Anomaly. 
Produce  F  L  to  E,  fo  that  F  E  may  be  equal  to 
A  P  the  greater  Axis  of  the  Ellipfe ;  and  therefore 
fince  by  the  Nature  of  the  Ellipfe  FL  and  LS  are 
equal  to  the  fame  A  P,  then  L  E  muft  be  equal  to 
LS,  and  the  Triangle  LSE  will  be  an  Ifofceles 
(Triangle;  and  therefore  the  Angles  E  and  ESL 
are  equal,  and  the  exterior  Angle  FLS  being  the 
Sum  of  both,  will  be  the  double  of  each,  or 
double  of  the  Angle  LES.  Therefore  in  the  Tri¬ 
angle  E  F  S,  having  FE  and  F  S,  and  the  Angle 
EFS,  which  is  the  Complement  of  LFA  to  two 
rights,  we  can  find  the  Angie  E,  whofe  double 
is  equal  to  the  Angle  FLS,  which  therefore  will 
be  known  :  But  the  Angle  A  F  L  is  equal  to  the 
two  Angles  FSL  and  FLS,  and  therefore  the 
Angle  FLS  is  the  Profihapharejis  or  the  Equation, 
which  is  to  be  fubftradted  from  the  Mean  Ano¬ 
maly,  or  added  to  it,  to  have  the  true  Anomaly. 

IN  refolving  the  Triangle  EFS,  having  EF 
and  FS,  the  Analogy  is  ~  E  S  -j-  ‘  F  S : '  E  S  —  4  F  S, 
that  is,  as  AS  to  SP  ::  Tang.  \  A  F  E  -*  Tangent 
of  t  difference  of  the  Angles  E  and  FSE;  but 
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be'caufe  the  Angle  E  is  =  LSE,  FSL  is  the  dif-  Le&ure 
ference  of  the  Angles  E  and  F  S  E  ;  wherefore  the  XXIV. 
Angle  found  by  the  Analogy  being  doubled,  gives 
the  Angles  FSL,  which  is  the  true  Anomaly. 

Now  the  Praddfe  here  is  ectreamly  eafy;  for  be- 
caufe  A  S  and  S  P  are  conftant  Quantities,  the  dif¬ 
ference  of  their  Logarithms  is  a  conftant  Quanti¬ 
ty,  wherefore  a  given  Number  is  to  be  added  to 
Log.  Tangent  of  half  the  Mean  Anomaly,  and  then 
we  fliall  have  the  Tangent  of  half  the  true  Ano¬ 
maly.  Moreover,  in  the  Triangle  LFS,  having  all 
the  Angles  and  the  Side  SF,  we  can  find  SL  the 
diftance  of  the  Planet  from  the  Sun. 

THIS  Hypothecs  of  Dr.  Ward's  is  a  very 
lifeful  Approximation,  and  ferves  to  fhorten  the 
Calculation,  and  make  it  eafy :  But  yet  it  is  (till 
only  an  Approximation,  and  does  not  come  up 
to  the  Truth  :  We  will  here  fhew  the  reafon  of 
it.  Let  AP  B  be  the  Orbit  of  the  Planet,  A  QB  piatexxni. 
the  Circle  circumfcribed,  the  Arch  A  Q  the  Ano-  Fig.  '3. 
maly  of  the  Eccentrick,  and  A  N  the  Mean  Ano¬ 
maly.  From  the  Center  C  draw  N C,  and  QG 
parallel  to  it;  the  Angle  QGA  is  equal  to  N CA 
or  the  Mean  Anomaly,  and  C  G  will  be  nearly 
equal  to  C  S,  but  a  little  lefs  than  it.  For  from 
the  Focus  S  on  QC,  let  fall  the  Perpendicular  SF, 
which  we  fliewed  before  to  be  equal  to  the  Arch 
QN  :  But  becaufe  the  Arch  QN  is  fmall,  its  Sine 
will  be  almoft  equal  to  the  Arch  ;  and  therefore 
GO  a  perpendicular  on  NC,  will  be  nearly  equal 
to  S  F,  but  fomewhat  lefs.  But  the  Triangles 
G  O  C  and  SFC  are  nearly  equiangular,  ffor 
NCQthe  difference  of  the  Angles  GCO  and 
S  C  F  is  very  fmall,)  and  therefore  becaufe  OG 
is  almoft  equal  to  SF,  but  a  little  lefs  than  it; 

CG  will  be  almoft  equal  to  CS,  but  fomewhat 
lefs.  The  other  F ecus  of  the  Ellipfe  then  mufl. 
be  a  little  above  the  Point  G,  but  very  near  it;  and 
if  we  draw  from  the  Planet’s  place  the  Line  PL 
parallel  to  QG,  the  Point  L  will  be  likewife  above 
the  Point  G,  but  yet  not  far  diftant  from  it ;  and 
therefore  the  Point  L  and  the  other  Focus  of  the 
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Ellipfe  do  nearly  coincide.  But  the  Angle  PL  A 
is  equal  to  N  C  A  the  Mean  Anomalia  3  and  the 
Point  L  nearly  coinciding  with  the  other  Focus, 
the  Line  drawn  from  P  to  the  other  Focus  will 
make  an  Angie  with  the  Axis,  nearly  equal  to  the 
Angle  PL  A  or  NC  A,  that  is  to  the  Mean  Ano¬ 
maly.  And  therefore  the  Angles  at  the  fuperior 
Focus  are  nearly  proportional  to  the  times. 

WHERE  the  Angles  N C  A  and  QC  A  or 
S  C  F  differ  but  little  from  one  another,  that  is, 
where  the  Angle  N  C  Q.  is  but  fmall  and  the  Ec¬ 
centricity,  the  Points  G  and  L,  are  nearly  coinci¬ 
dent  with  the  fuperior  Focus.  And  therefore  this 
Theory  is  accurate  enough  to  anfwer  to  the  Mo¬ 
tion  of  the  Earth,  whofe  Orbit  is  nearly  Circular: 
But  in  the  other  Planets,  and  particularly  Mars 
and  Mercury,  it  does  not  do  fo  well.  And  there¬ 
fore  Bullialdus  from  four  places  of  Mars  obferved 
by  Tycho  in  the  firft  and  third  Quadrant  of  Ano¬ 
maly,  found  that  Mars  was  further  advanced  in 
his  Orbit  than  he  ought  to  be  by  this  Theory. 
But  in  the  fecond  and  fourth  Quadrants,  Mars’ s 
true  Anomaly  was  found  to  be  lefs  than  it  fliould 
be  according  to  this  Hypothecs :  And  therefore 
Bullialdus  gave  it  the  following  Correction.  Upon 
the  Diameter  A  P,  which  is  the  greater  Axis  of 
the  Eliipfis,  defcribe  the  Circle  A  D  P.  Let  A  F  L 
be  the  Mean  Anomaly  3  through  L  draw  the  Line 
QL  G  perpendicular  to  the  Axis,  meeting  with  the 
Circle  in  Q.  Joyn  FQ,  which  cuts  the  Ellipfe  in  T , 
and  T  will  be  the  place  of  the  Planet  in  its  Orbit, 
anfwering  to  the  Mean  Anomaly  A  F  L.  Now  the 
Angle  A  F  Q,  anfwering  to  the  Mean  Anomaly 
AFL,  is  eafiiy  found  by  taking  an  Angle  whofe  Tan¬ 
gent  is  to  the  Tangent  of  A  F  L,  as  the  greater  Axis 
of  the  Ellipfe  is  to  the  leffer.  And  having  the  An¬ 
gle  AF  Q.  or  AFT,  the  Angle  A  S  "<r  is  found  in  the 
lame  manner  as  before  the  Angle  ASL  was  found. 

THE  Calculations  we  have  here  explained : 
Suppofe  that  the  Species  or  Forms  of  the  Orbits 
are  given,  as  likewife  their  Politions.  We  (hall 
afterwards  fnew  a  way  by  which  the  Orbits  of 

the 
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the  other  Planets  are  determined  ;  But  the  Form  Ledture 
and  Portion  of  the  Earth’s  Orbit  is  to  be  found  XXIVj 
by  the  following  Methods.  Firft  obferve  the  Ap- 
parent  Diameter  of  the  Sun,  as  likewife  his  Mo¬ 
tion;  for  when  the  Earth  is  in  its  Aphelion ,  the 
Sun’s  Diameter  is  the  leaft  of  ali,  and  his  Mo¬ 
tion  floweft,  the  Earth  being  there  at  the  greateft 
diftance  from  the  Sun.  In  the  Perihelion,  it  com- 
ing  neareft  the  Sun,  we  fliall  obferve  his  Diameter 
to  appear  biggeft.  Let  any  right  Line  SP  reprefent  platexxil! 
the  Perihelion  diftance  of  the  Sun  .*  Say,  as  the  Fig*  4» 
Apparent  Diameter  of  the  Sun  in  the  Aphelion  is 
to  its  Apparent  Diameter  in  the  Perihelion ,  fo  is 
SP  to  a  Fourth.  In  SP  produced  take  SD  equal 
to  this  fourth,  and  it  will  be  the  Aphelion  diftance, 
bifecft  P  D  in  C,  and  C  S  will  be  the  Eccentricity 
and  C  the  Center.  Delcribe  an  Ellipfe  whofe 
Focus  is  S,  and  greateft  Axis  PD,  that  Ellipfe 
will  be  of  the  fame  Form  with  the  Earth’s  Or¬ 
bit,  and  the  Points  of  the  Ecliptick  where  the 
Sun’s  Diameter  appears  the  biggeft  and  the  leaft, 
fhew  the  Pofition  of  the  Apfides ,  or  the  Aphelion 
and  Perihelion.  But  becaufe  the  Diameter  of  the 
Sun,  in  the  Aphelion  and  Perihelion ,  is  fcarcely  feen 
to  alter  its  bignefs  for  fome  Days;  it  will  be 
very  difficult  to  determine  the  Pofition  of  the 
Apfides  by  Oblervations  made  on  the  Apparent 
Diameter  of  the  Sun  only:  And  therefore  it  will  be 
better  to  find  out  the  Aphelion  and  Perihelion  di- 
ftances  and  Pofitions  by  obferving  the  Sun’s  Mo¬ 
tion  :  For  the  Angular  Velocity  of  the  Earth,  and 
the  Apparent  Motion  of  the  Sun,  which  is  equal 
to  it,  is  always  reciprocally  as  the  Square  of  the 
Diftance,  as  we  have  above  demonftrated. 

THEREFORE  to  determine  the  Species  of 
the  Ellipfe  in  which  the  Earth  moves,  we  mull: 
obferve  the  Apparent  Velocities  of  the  Sun  when 
it  is  greateft  and  leaft.  Cali  the  leaft  A,  and  the 
greateft  B,  and  let  any  Right  Line  S  P,  reprefent 
the  Perihelion  diftance:  Say,  as  A  is  to  B,  fo  is 
SP  to  another  Line  C:  Produce  S  P  to  D,  ft? 
that  S  D  may  be  a  mean  Proportional  between  S  P 

X  z  and 
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Ledlure  and  C ;  this  Line  SD  will  reprefent  the  Aphelion 

XXIV.  diltance :  And  therefore  if  the  Ellipfis  be  defcri- 
bed  whofe  Focus  is  S  and  its  greater  Axis  P  D,  that 
Ellipfe  will  be  of  the  fame  Form  with  the  Earth’s 
Orbit.  For  becaufe  S  P,  S  D  and  C  are  continual¬ 
ly  Proportional,  P  S  Square  will  be  to  D  S  Square, 
as  SP  is  to  C,  or  as  as  A' to  B,  that  is  as  the  Ve¬ 
locities.  Moreover,  if  the  Places  of  the  Ecliptick 
be  diligently  marked  where  the  Velocities  are 
greateft  and  leaft,  in  thofe  Points  will  the  Apfides 
be  fituated.  Laftly,  if  there  be  two  Places  of 
the  Ecliptick  obferved,  where  the  Sun’s  Apparent 
Velocities  are  equal,  and  the  Arch  of  the  Ecliptick 
between  the  two  places  be  Bifedted,  the  Point 
of  bifedlion  and  itf§  oppofite,  will  fhew  the  Places 
of  the  Apfides.  But  thefe  Methods  require  Ob- 
fervations  that  are  very  nice  and  accurate,  fuch 
as  can  fcarcely  be  made; 

FROM  the  Theory  of  Dr.  Ffinrd  we  have  a 
more  certain  Method  of  finding  the  Form  of  the 
Orbit,  by  three  Obfervations  of  the  Sun,  and 
marking  the  Time  between  them,  which  does 
PlateKxm  bkewife  determine  the  Pofiticn  of  the  Apfides . 
fig.  Let  A  B  P  D  C  be  the  Orbit  of  the  Earth,  S  the 
Focus  in  which  the  Sun  is  placed,  F  the  other 
Focus  :  The  Apfides  A  and  P.  Let  B,  C  and  D  be 
three  Places  of  the  Earth  in  the  Ecliptick,  which 
are  found  by  obferving  three  Places  of  the  Sun  to 
which  they  are  oppofite.  At  the  Center  F  and  di- 
ftanCe  F  M,  equal  to  the  greateft  Axis  of  the  El¬ 
lipfe,  defcribe  the  Circle  M  H  E  L,  and  let  the 
Lines  FB,  FC,  FD  produced,  meet  with  the  Cir¬ 
cle  in  the  Points  G,  H,  E.  Draw  like  wife  from  the 
Focus  S,  the  Lines  S  B,  S  C,  S  D,  as  alio  S  G,  SH, 
andSE.  We  have  the  Angles  B  S  C,  B  S  D  and 
CSD,  for  they  are  meafured  by  the  Arches  of  the 
Ecliptick  intercepted  between  the  Points  obferved. 
But  according  to  this  Theory,  the  Earth  moves  in 
the  Perimeter  of  an  Ellipfe  in  fuch  a  manner,  that 
it  defcribes  Angles  about  the  Focus  F,  that  are  pro¬ 
portional  to  the  Times :  And  therefore  we  fhali 
have  the  Angles  B F  C,  B  FD?  and  C  FD,  taking 
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each  of  them  fuch  that  they  may  have  the  fame  Le&ure 
proportion  to  four  Right  Angles,  as  the  times  XXIV. 
between  the  Obfervations  has  to  the  whole  Pe- 
nodical  Time.  Moreover,  twice  the  Angle  FGS, 
that  is  the  Angle  F  B  S,  is  the  difference  of  the 
Angles  AFB  and  A  SB:  This  we  (hewed  before. 

And  the  double  of  the  Angle  FHS  is  the  difference 
of  the  Angles  AFC  and  A  SC;  the  difference  of 
the  Angles  BFC  and  BSC,  will  therefore  be 
equal  to  2  F  G  S  -4-  2  F  H  S.  But  becaufe  we 
know  the  Angles  BFC  and  BSC,  we  know, 
likewife  their  difference;  therefore  we  have  the 
Sum  of  the  Angles  F  G  S  and  FHS.  But  th& 

Angle  FGS,  is  the  difference  of  the  Angles  BFA 
and  GSA;  and  the  Angle  FHS  is  the  diffe¬ 
rence  of  the  Angles  HF  A  and  HSA:  Whence 
both  the  Angles  FGS  and  FHS  will  be  equal  to 
the  difference  of  the  Angles  BFC  and  G  SH. 

But  we  have  the  Angle  BFA,  and  the  Sum  of 
the  Angles  FGS  and  FHS;  and  therefore  we 
have  the  Angle  G  S  H.  In  the  fame  manner 
we  can  find  the  Angle  GSE.  Alfo  in  the  fame  man¬ 
ner  the  Angle  FES  doubled,  is  the  difference  of 
the  Angles  D  F  A  and  D  S  A  ;  alfo  the  double  of 
the  Angle  FHS,  is  the  difference  of  the  Angles 
C  F  A  and  C  S  A.  And  therefore  twice  the  Angie 
FjE  S  —  twice  the  Angle  FHS  will  be  equal  to  the 
difference  of  the  Angles  C  F  D  and  C  S  D  ;  but  we 
have  the  Angles  CF  D  and  CS  D  :  And  therefore 
we  have  half  their  difference,  that  is  FES  — FHS. 

But  the  Angle  FES  —  F  S  H  is  the  difference  of 
the  Angles  CF  D  and  H  S  E,  and  we  have  the 
Angle  C  FD;  wherefore  we  have  the  Angle 
H  S  E,  We  have  therefore  all  the  Angles  at  F", 

BFC,  B  F  D,  C  F  D,  and  all  the  Angles 
at  S,  BSC,  BSD,  C  S  D ;  as  alfo  G  S  H, 

GSE,  H  S  E.  Thefe  things  being  laid  down. 

EXPRESS  the  Line  S  H  by  any  Number, 
vi 1 00000,  and  produce  E  S,  till  it  meets  with 
the  Periphery  in  L,  joyn  H  L,  LG  and  H  G. 

In  the  Triangle  HSL,  we  have  the  Angle  HSL, 
the  Complement  of  HSE  to  two  Rights:  And 

X  3  v  the 
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Le&ure  the  Angle  HLS  equal  to  half  the  Angle  H F E, 
XXIV.  by  the  20  Prop.  EL  III.  and  the  fide  HS  ioooco  ; 
wherefore  we  fliall  find  the  fide  S  L  ;  Then  in  the 
Triangle  S  L  G,  we  have  the  Angle  L  S  G,  the 
complement  of  the  known  Angle  E  S  G  to  two 
Rights,  and  the  Angle  S  L  G,  being  half  the  Angle 
E  F  G,  by  the  20  Prop ,  El.  III.  and  the  fide  S  L, 
therefore  we  fliall  find  SG.  And  again,  In  the 
Triangle  S  H  G,  we  have  the  fides  S  H  and 
S  G,  and  the  Angle  H  S  G ;  and  confequently 
we  ihaii  find  the  fide  H  G,  and  the  Angle 
SHG.  In  the  Ifofceles  Triangle  H  F  G,  we 
have  the  Angle  HFG  and  the  Bafe  H  G,  where¬ 
fore  we  fliall  find  the  fide  H  F,  which  is  equal 
to  the  greater  Axis  of  the  Ellipfe  ;  as  alfo  the 
Ansde  G  H  F,  which  being  fubftraded  from  the 
known  Angle  G  H  S,  leaves  the  Angle  F  H  S 
known.  Lately,  In  the  Triangle  F  H  S,  having 
F  H  and  H  S  and  the  Angle  F  H  S,  we  fliall  find 
the  fide  S  F,  from  which  fubftrading  the  Angle 
H  S  C  —  F  FI  S,  there  will  remain  the  Angle  CSF, 
which  thews  the  Fofition  of  the  Apfides . 

T  H  I  S  Method  does  fuppofe  indeed  that  the 
'Angles  at  the  fuperior  Focus  be  always  pro¬ 
portional  to  the  Times,  which  is  not  true.  But 
in  the  Orbit  of  the  Earth,  whole  Eccentricity  is 
final!,  the  Angles  that  are  really  defcribed  at  that 
Focus ,  differ  fo  little  from  the  Angles  that  are 
proportional  to  the  Time,  that  no  fenfible  Error 
can  arife  from  thence,  in  determining  the  Species 
and  Fofition  of  the  Orbit. 

T  H  E  mo  ft  Celebrated  Afironomer  Dr.  Edmund 
'Halley ,  from  whole  Labours  Aftronomy  has  re¬ 
ceived  great  improvements,  hath  contrived  a  Me¬ 
thod,  which  depends  on  no  Theory  of  the  Earth's 
Motion  :  From  which,  by  Obfervations  alone,  the 
Form  and  Fofition  of  the  Orbit,  are  to  be  deter¬ 
mined. 

xxiii  S  U  P  F  O  S  E  the  Sun  at  S,  A  B  C  D  the  Orbit 
Fig-  6.  Qf  jke  Earth,  P  the  Planet  Mars ,  who  for  this 
purpofe  is  to  be  preferr’d  or  chofen  before  the  others. 
Fiiit  obferve  the  true  time  and  place,  when  Mars 

is 
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is  in  Oppofition  ro  the  Sun,  for  then  the  Sun,  the  Lecture 
Earth  and  Mars  are  in  one  Right  Line;  or  if  it  XXIV. 
happens  fas  it  often  docs)  that  Mars  has  any  Lati- 
tude,  the  Sun,  the  Earth  and  Mars  his  PJace  re¬ 
duced  to  the  Eciiptick,  are  in  a  Right  Line.  Let 
the  Sun,  the  Earth  and  Mars ,  have  their  Places  in 
the  Points  S,  A  and  P,  in  the  Right  Line  S  P. 

Since  Mars  his  Period  confifts  of  6 87  Days,  after 
that  time  Mars  will  return  to  the  Point  P,  and 
feen  from  the  Sun  he  will  appear  in  the  fame 
Place  as  before,  in  which  he  was  feen  alfo  from 
the  Earth  :  But  the  Earth  does  not  return  to  A 
till  after  730-  Days  ;  and  therefore  when  Mars  is  P 
it  will  be  in  B.  and  will  obferve  the  Sun  in  the  Line 
S  B,  and  Mars  in  the  Line  B  P.  By  obferving  the 
Places  of  the  Sun  and  Mars ,  we  have  all  the  Angles 
of  the  Triangle  PBS.  And  fuppoling  P  S  to  confifl 
of  iocooo  Parts,  we  can  find  the  diftance  SB 
in  thofe  Parts,  as  likewife  its  Pofition.  After  the 
fame  manner,  when  Mars  has  finifhed  another 
Period,  the  Earth  will  be  in  C,  and  we  can  find 
the  length  of  the  Line  SC  and  its  Pofition;  and 
likewife  by  the  fame  Method  another  Line  S  D 
and  its  Pofition  may  be  obtained  :  And  by  this 
means  we  are  come  to  this  Geometrical  Problem. 

Having  three  Lines  meeting  in  the  Focus  of  an 
Ellipfe,  all  given  in  Length  and  Pofition,  to  find 
the  Length  of  the  Tranfverfe  Axis,  its  Pofition  and 
the  diftance  of  the  Foci:  which  Problem  the  Geo¬ 
meters  fliew  how  to  conftrud:,  and  we  in  the 
following  Le&ures  will  likewife  give  its  Solution. 
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LECTURE  XXV. 

Of  the  Equation  of  T  I  M  E. 


•Motion  JUjyH,J|,  1THO’  Time  be  in  its  o.wn  nature  a 
Tims**  a  §&*  real  Quantity,  as  being  endowed  with 


3§g  the  chief  Properties  of  Quantity,  E- 

WWWW'  quality,  Inequality  and  Proportion;  yes 
for  to  meafure  this  Quantity,  we  muft  have  the 
Aid  and  Afiillance  of  Motion,  as  a  Meafure  to 
eftimate  and  compare  the  Quantities  of  Times  ; 
and  therefore  Time ,  when  it  is  confidered  as 
meafurabie,  marks  out  fome  Motion :  For  if  all 
Things  were  at  reft,  we  could  by  no  means 
know  the  Flux  or  Quantity  of  Time ,  and  the 
Duration  of  all  Things  would  go  on  without 
Perception. 

'Uniform  BUT  becaufe  Time  conftantly  flows  equally, 
Motion  the  an($  m  j-j^  farne  manner,  for  to  meafure  it  w;e 
proper  ca~  mu^  ma^e  ufe  0f  fuch  a  Motion,  as  is  in  itfelf 

fimple,  uniform,  and  always  going  on  at  the 
fame  rate  ;  fo  that  the  Body  which  has  this  Mo¬ 
tion,  at  leaft  as  to  its  Periods,  may  always  keep, 
the  fame  force,  and  yet  go  thro’  equal  Spaces  in  equal 
Times.  , 

The  Mo-  FOR  common  ufe  we  muft  take  that  Mo- 
Tuny  Joon  t^0n  1S  ifcofl;  remarkable,  evident  to  every 

the  fit  eft  Body,  and  plain  to  common  Senfe ;  fuch  is  the 
Meafures.  Motion  of  the  Stars,  and  chiefly  of  the  Sun  and 
Moon,  which  not  only,  by  the 'common  confent 
of  all  Mankind,  are  agreed  upon  for  this  effedf, 
but  by  the  Almighty  and  wife  Creator  of  the 
Univerfe  are  eftablifhed  for  this  purpofe:  For  in 
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the  Scriptures  we  read  that  God  {aid.  Lot  there  Lecture 
be  Lights  in  the  Firmament  of  the  Heaven,  to  di -  XXV. 
vide  the.  Day  from  the  Night  ;  and  let  them  be 
for  Signs  and  for  Sea fons,  and  for  Days  and  Tears. 

And  therefore  by  the  Celeftial  Motions,  and 
chiefly  by  that  of  the  Sun,  are  the  Times  right¬ 
ly  diftinguifhed  and  marked  out.  Who  therefore 
dare  fay  that  the  Sun  will  not  tell  us  Truth! 

The  Aftronomers  are  the  bold  Men  who  tell  us 
fo  ,  for  they  by  their  nice  fearch  into  Things, 
have  found  that  the  Sun’s  apparent  Motion  is 
no  ways  equal ;  they  obferve  that  he  now  and 
then  flackens  his  Pace,  and  afterwards  quickens 
it  again  :  And  therefore  Equal  Time,  which  goes 
on  always  at  the  fame  rate,  cannot  truly  be 
meafured  by  the  Sun’s  Motion. 

HENCE  the  Time  which  the  Sun’s  Motion  nf 
Ihews,  and  which  is  called  the  Apparent  Time ,  is JiinSion  fo- 
different  from  that  Time  which  flows  uniformly  ***** 
and  always  at  the  fame  Rate,  which  is  called  by  Equal  Time, 
the  Aftronomers  the  True  and  Equal  Time  3  accord¬ 
ing  to  which  all  the  Celeftial  Motions  are  to  be 
eftimared  regulated  and  fettled.  For  upon  the 
account  of  the  unequal  Motion  of  the  Sun,  and 
the  Obliquity  of  the  Eel i prick  to  the  Equator,  we 
have  neither  Days  nor  Hours  perfectly  equal,  as 
we  fhall  here  ftiew. 

THE  Solar  Day  is  that  fpace  of  Time  which 
pafles,  while  the  Plane  of  the  Meridian  of  any 
place  palling  thro’  the  Center  of  the  Sun,  by  the 
Earth’s  Revolution  turning  round  its  own  Ax¬ 
is,  returns  again  to  the  Sun’s  Center  ;  or  it  is  the 
Time  between  one  Mid-day  and  the  next  which 
comes  after.  Now  if  the  Earth  had  no  other 
Motion  but  that  round  its  Axis,  all  the  Days 
would  be  exacftly  equal  to  one  another,  and  to 
the  rime  of  the  Revolution  round  the  faid  Axis. 

But  becaufe  while  the  Earth  is  whirling  round  its 
Axis,  it  is  alfo  going  forward  in  its  proper  Mo¬ 
tion  Eaftward  ;  when  any  Meridian  has  compleatcd 
its  Revolution,  after  having  pafs’d  the  Sun’s  Gen¬ 
re  r,  its  Plane  will  not  have  then  palfed  thro’  the 
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Lecture  Sun,  as  is  plain  by  the  Figure.  For  let  the  Sun 
XXV.  be  S,  A  B  a  portion  of  the  Ecliptick  ;  let  the  Line 
M  D  reprefent  any  Meridian,  whofe  Plane  pro- 
Tablexxiv  duced,  paftes  thro’  the  Sun  when  the  Earth  is  in 
Fla.  A  :  Let  the  Earth  proceed  in  its  Orbit  and  come 
to  B,  while  it  has  compleated  a  Revolution  round 
its  Axis ;  and  then  the  Meridian  M  D  will  be  in 
rhe  Pofition  m  d,  parallel  to  the  former  M  D  ;  and 
confequently  will  not  as  yet  have  palfed  thro'  the 
Sun,  nor  will  the  Inhabitants  under  that  Meri¬ 
dian  have  had  their  Mid-day.  But  the  Meridian 
dm  with  its  angular  Motion  mu  ft  ftill  go  on  be¬ 
fore  its  Plane  can  pafs  thro’  the  Sun,  and  muft 
defcribe  the  Angle  d  B  f.  And  therefore  all  the 
Solar  Days  are  longer  than  the  Time  of  one  Re¬ 
volution  round  the  Earth’s  Axis.  If  the  Planes  of 
all  the  Meridians  were  perpendicular  to  the  Plane 
of  the  Earth’s  Orbit,  and  the  Earth  defcribed  this 
Orbit  with  an  equal  Motion,  after  any  Meridian 
had  compleated  its  Revolution ,  becaufe  M  D 
and  md  are  parallel,  the  Angle  dB  f  would  be 
equal  to  the  Angle  B  S  A,  and  the  Arches  A  / 
and  A  B  fimilar  :  And  becaufe  the  Times  are 
always  equal ,  the  Arch  A  B  and  the  Angle 
dB f  would  conftantly  be  of  the  fame  Quantity, 
and  all  the  Solar  Days  would  be  equal  to  one  ano¬ 
ther  ;  and  then  the  apparent  and  equal  Time 
would  agree.  But  neither  of  thefe  two  Cafes 
have  place  in  Nature;  for  the  Earth  does  not 
proceed  in  its  Orbit  with  an  equal  Motion  ;  but 
in  its  Aphelion  it  defcrihes  a  lefs  Arch,  in  its  Peri¬ 
helion  a  greater.  And  moreover  the  Planes  of 
the  Meridians  are  not  perpendicular  to  the  Eclip- 
2t  is  pro-  tick,  but  to  the  Equator:  And  therefore  the  Time 

Tota^Dd^  °f  t^e  anSu^ar  Motion  d  B  f,  which  bdides 
ale 'unequal .  the  intire  Revolution  is  to  be  added  to  the  fpace 
of  a  Solar  Day  to  compleat  it,  is  not  always 
of  the  fame  quantity  ;  whence  the  Solar  Days 
will  not  be  equal. 

ism  ad  e  f/ain  BUT  perhaps  this  may  appear  plainer,  if  we 
by  the  appa-  pals  from  the  real  Motion  of  the  Earth  and  con- 
rent  Motion  f^der  the  apparent  Motion  of  the  Sun  ;  for  it  is 
J  -  by 
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by  h  is  apparent  Motion  that  we  meafure  the  Ledhire 
Apparent  Time.  And  therefore  you  mud  ob-  XXV. 
ferve  that  the  Natural  Solar  Day  is  that  fpace  of  v 
Time ,  in  which,  by  the  Revolution  of  the  whole 
Heavens, "which  is  called  the  Revolution  of  the 
Primum  Mobile  or  of  the  firft  moveable  Orb, 
the  whole  Circumference  of  the  Equator  pafles 
through  the  Meridian ;  and  alfo  l'o  much  more 
of  the  fame  Circle  as  anfwers  to  the  apparent 
Motion  of  the  Sun  to  the  Eaft,  in  the  mean 
while. 

BUT  the  Arch  of  the  Equator  patting  thro’  The  dim - 
the  Meridian,  is  not  always  equal  to  the  cor  re-  n0ft^chp* 
fpondent  Arch  of  the  Ecliptick  which  paffes  thro  quater  are 
the  fame  in  the  fame  time  ;  but  is  fometimes  big-  not 
ger,  and  fometimes  lefs  than  it,  even  tho’  the  Sun’s  ^cbesof11 
Motion  were  equal  in  the  Ecliptick  :  The  difference  the  Edip- 
between  them  arifes  from  the  oblique  Polition  or  tick- 
the  Ecliptick  to  the  Equator,  as  is  plain  by  the  Table xxly 
Figure.  Suppofe  V  S>  a  Quadrant  of  the  Ed  ip- 
tick,  and  Y  E  a  Quadrant  of  the  Equator.  Sup¬ 
pofe  the  Arch  TA  to  be  one  Degree,  which  is 
nearly  equal  to  the  diurnal  Motion  of  the  Sun  in 
the  Ecliptick  ;  for  his  mean  Motion  is  59'.  8". 

Let  A  B  be  an  Arch  of  the  Circle  of  Declination 
paifing  Thro’  the  Sun  in  A,  and  intercepted  be¬ 
tween  the  Equator  and  the  Ecliptick.  In  the 
right  angular  Triangle  Y  B  A,  having  the  lidc 

Y  A  1  Degree,  and  the  Angie  A  Y  B,  which  is  the 
Inclination  of  the  Ecliptick  to  the  Equator,  and  is 
nearly  23-^  Degrees,  we  fliall  find  the  fide  Y  B 
558  1",  almoft  5'  lefs  than  the  Arch  Y  A.  Again, 
fuppofe  the  Arch  of  the  Ecliptick  Y  C  89°.  From 
thence  we  lliall  find  the  Arch  of  the  Equator  Y  D 
83°.  54'.  34";  but  when  the  Arch  of  the  Ecliptick 

Y  S'  is  9°  Degrees,  then  A  E,  the  correfpondcnt 
Arch  of  the  Equator,  is  alfo  90  Degrees.  And  the 
difference  of  the  Arches  ;  C,  VD  is  1°.  5'.  26''.  And 
the  difference  of  the  Arches  of  the  Equator  Y  B 
and  D  E  is  1  o'.  25",  ah  ho’  the  Arches  of  the  Eciip- 
tick  T  A  and  C  which  anfwcr  to  them  arc 
equal.  From  which  it  is  evident,  that  the  Arches 

of 
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Ledlure  of  the  Equator  anfwering  to  equal  Arches  of  ch  i 
XXV.  Ecliptick  are  unequal :  And  therefore  the  diurnal 
J  Arches  of  the  Equator  which  pafs  through  the 
Meridian  are  unequal ;  but  they  meafure  the 
Solar  Days  :  Wherefore  the  Solar  Days  are  unequal. 

The  fecond  BUT  the  Obliquity  of  the  Ecliptick  is  not 
Caufe  of  the  the  only  Caufe  of  the  Inequality  of  Days;  for 
if  Days?  very  apparent  Motion  of  the  Sun  in  the  E- 
cliptick  is  unequal  ;  for  he  proceeds  more  flowly, 
and  flays  longer  in  the  Northern  Signs  than  in  the 
Southern,  by  eight  intire  Days :  And  therefore  if 
there  were  no  Obliquity  of  the  Ecliptick,  by  this 
caufe  alone  the  diurnal  Arches  of  the  Equator  could 
not  be  equal.  And  therefore  their  Inequality  will  be 
much  greater,  upon  account  of  thefe  two  Caufes 
concurring  together;  that  is,  the  unequal  Motion 
of  the  Sun,  and  the  Obliquity  of  the  Ecliptick, 
which  tho*  they  are  fometimes  contrary  to  each 
other,  and  fo  diminifh  the  Inequality  ;  as  it  hap¬ 
pens  when  the  Arches  of  the  Equator  decreafe 
on  the  account  of  the  Obliquity  of  the  Eciip- 
tick,  but  by  reafon  of  the  Sun’s  approaching 
the  Perig<eon  they  increafe,  and  on  the  contrary  : 
Yet  fometimes  thefe  two  Caufes  concur  to  in¬ 
creafe  the  Inequality,  and  neither  of  them  de¬ 
pend  one  on  the  other,  but  each  of  them  by  itfelf 
has  its  Effedl. 

SINCE  therefore  the  apparent  Motion  of  the 
Sun  to  the  Eaft  is  unequal,  it  cannot  be  a  fit 
meafure  of  Time ,  which  fhould  always  go  on  at  the 
fame  rate.  And  therefore  the  natural  and  appa¬ 
rent  Days  are  no  ways  to  be  applied  to  meafure 
the  Celeflial  Motions,  which  do  not  depend  upon 
the  Motion  of  the  Sun  :  Therefore  the  Aftronomer & 
found  it  neceffary  inftead  of  thefe  Solar  Days  to 
fubftitute  in  their  place  others  that  were  equal, 
and  a  mean  between  the  (hortell  and  the  long  eft  ; 
and  by  them  to  diftinguifh  the  Celeftial  Motions. 
And  when  thefe  Morions  have  been  computed 
according  to  the  Equal  Time,  it  is  neceffary  to 
turn  that  Time  again  into  the  Apparent  Timey 
that  thefe  Motions  may  be  obferved  by  us  who 

mca- 


LECTVRES. 


31 7 


ilieafure  arid  number  our  Times  by  the  apparent  Le&ure 
Motion  of  the  Sun.  And  on  the  contrary,  if  XXV. 
any  Appearance  in  the  Heavens,  as  for  Example, 
an  Eclipfe  were  obferved  according  to  the  Appa- 
rent  Time ,  and  according  to  it  the  Agronomical 
Tables  were  to  be  examined,  to  fee  if  they  did 
agree  with  it  or  not ;  it  will  be  neceffary  to  turn 
the  Apparent  Time  into  Equal  Time ,  otherwife  the 
obferved  Phenomenon  will  differ  from  that  which 
is  found  by  Computation. 

BECAUSE  we  know  no  Body  in  Nature 
which  preferves  conftantly  a  perfect  uniform  Mo¬ 
tion  ;  and  yet  fuch  a  Motion  is  only  proper  to 
meafure  equal  Days  and  Hours :  It  is  convenient 
to  imagine  fome  Body  or  Star  which  moves  in  the 
Equator  Eaftward,  and  which  never  quickens  or 
blackens  its  pace,  but  goes  thro’  the  Equator  in 
precifely  the  fame  time  as  the  Sun  fimfhes  his  Pe¬ 
riod  in  the  Ecliptick.  The  Motion  of  fuch  a  Star 
will  rightly  reprefent  equal  Time,  and  its  diurnal 
Motion  in  the  Equator  will  be  daily  59'.  8",  the 
fame  as  is  the  mean  Motion  of  the  Sun  in  the 
Ecliptick  :  And  therefore  the  equal  and  middle 
Day  is  to  be  determined  by  the  arrival  of  this 
Star  to  the  Meridian,  and  is  equal  to  the  Time 
in  which  the  whole  Circumference  of  the  Equa¬ 
tor  or  360  Degrees  pafs  the  Meridian  ;  and  be- 
fides  that  59'.  8":  And  becaufe  this  Addition  of 
59'.  8".  always  remains  the  fame,  all  thefe  mean 
Days  will  be  conftantly  equal  to  each  other. 

SINCE  the  Sun  goes  unequally  Eaftward  ac¬ 
cording  to  the  Equator,  fometimes  it  will  come  to 
the  Meridian  fooner  than  this  imaginary  Star,  and 
fometimes  he  will  touch  it  later  than  it  does,  and 
the  difference  is  that  which  is  between  the  True 
and  Apparent  Time.  And  this  difference  is  known 
by  having  the  place  of  the  imaginary  Star  in  the 
Equator,  and  the  point  of  the  Equator  which 
comes  to  the  Meridian  with  the  Sun ;  for  the  . 

Arch  intercepted  between  them  being  converted 
into  Time ,  fliews  the  difference  between  Equal 
and  Apparent  Time ,  which  is  called  the  Equation 

of  Time, 
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Lecfture  of  Time .  And  it  is  the  Time  that  flows,  while 
XXV.  the  Arch  of  the  Equator  intercepted  between  the 
point  determining  the  Right-Alcenfion  of  the  Sun, 
and  the  place  of  the  imaginary  Star  paffes  the 
Meridian. 

LET  JE  Of  be  a  portion  of  the  Equincdial, 
E  C  of  the  Ecliptick,  in  which  imagine  S  to  be 
the  place  of  the  Sun,  S  A  a  Circle  of  Declina¬ 
tion  paffing  thro’  the  Sun,  and  meeting  with  the 
Equator  in  A,  w?hich  will  be  the  point  which 
comes  to  the  Meridian  with  the  Sun.  Suppofe 
m  to  be  the  place  of  the  imaginary  Star  which 
performs  its  Period  in  the  Equator  with  an  equal 
Motion  :  And  when  the  Sun  has  arrived  at  the 
Meridian  our  imaginary  Star  will  be  diftant  from 
it,  by  the  Arch  m  A ;  and  if  the  point  m  be  Eaft- 
ward  of  the  point  A,  it  will  come  later  to  the 
fable xx iv  Meridian  than  it,  and  the  apparent  Time  will  be 
£<g*3>4*  fafter  than  the  mean;  but  if  the  place  of  the 
Star  m  be  more  Wefterly  than  A,  it  will  fooner 
arrive  at  the  Meridian,  and  the  Apparefit  Time 
is  flower  than  the  mean.  And  the  Arch  of  the 
Equator  A  m  converted  into  Time  is  the  Equa¬ 
tion,  which  being  added  to  or  fubftraded  from 
the  Apparent  Time  gives  the  true,  according  as  the 
point  m  is  to  the  Eaft  or  Weft  of  the  point  A; 
and  then  we  have  the  true  Time.  For  to  know 
the  pofition  of  the  point  A  in  refpcdl  of  m ,  and 
The  Egua-  the  Quantity  of  the  Arch  A  m,  take  in  the  Equa- 

Tmr' °\on  tor  t^e  *^rc^  ^  s  or  ~  5  equal  to  the  Y  S  or 
f}h  \jC°two  ^  S  in  the  Ecliptick  ;  and  then  the  Arch  s  m  will 
parts.  be  the  diftance  between  the  true  and  mean  place  of 
the  Sun,  which  therefore  is  given  by  the  Sun’s  Ano¬ 
maly  ;  but  the  Arch  A  S  is  the  difference  between 
the  Hypothenufa  Y  S  of  the  Right-angled  Trian¬ 
gle  T  S  A,  and  its  fide  or  Bate  Y  A,  which  may 
be  found  by  Trigonometry.  Moreover,  the  Arch 
A  m  is  equal  to  either  the  Sum  or  Difference 
of  the  Arches  A  s  and  s  m  ;  and  therefore  when 
they  are  known,  the  Arch  Am  will  be  likewife 
known. 

M  O  R  E  O- 


L  E  C  T  V  R  E  S.  319 

MOREOVER  we  muft  obferve,  that  in  Ledture 
the  firft  and  third  Quadrant  of  the  Ecliptick,  the  XXV. 
point  s  falls  upon  the  Eaft  lide  of  the  point 
And  therefore  the  Arch  A  s  being  turned  into 
Time,  is  to  be  fubftracfted  ;  becaufe  the  point  S 
comes  later  to  the  Meridian  than  the  point  A 
does.  But  in  the  fecond  and  fourth  Quadrants  the 
point  s  is  more  Wefterly  than  A,  and  arrives  at 
the  Meridian  before  it :  And  therefore  the  Arch 
A  s  turned  into  Time  is  to  be  added,  for  to  get 
the  Time  nvhen  the  point  S  arrives  at  the  Meri¬ 
dian.  Suppofe  for  Example  As  be  two  Degrees, 
as  it  is  when  the  Sun  is  in  the  loth  Degree  of  V'  , 
this  Arch  turned  into  Time  is  8  Minutes :  And 
therefore  we  muft  add  8'  to  the  apparent  Time , 
for  to  have  the  Time  when  the  point  S  comes  to 
the  Meridian. 

MOREOVER  in  the  firft  Semicircle  of 
Anomaly,  that  is  while  the  Sun  in  this  prefent 
Age  goes  from  the  feventh  Degree  of  S'  to  the 
feventh  of  vp,  the  mean  Motion  of  the  Sun  is 
greater  than  its  true  Motion  -  therefore  then  the 
middle  place  precedes  the  true  place.  And  there¬ 
fore  in  all  that  Semicircle  the  point  m  will  be  to 
the  Eaft  of  the  point  s  *  and  the  Arch  m  s  turned 
into  Time ,  is  to  be  fubftraefted  from  the  Time 
that  the  point  S  reaches  the  Meridian  :  But  in  the 
other  Semicircle  of  Anomaly,  after  the  Sun  has 
left  the  Perigreon ,  or  rather  the  Earth  the  Perihe¬ 
lion,  the  mean  Motion  is  lefs  than  the  true,  and 
then  the  mean  place  follows  the  true  ;  and  con- 
fequently  the  point  m  is  to  the  Weft  of  the  point 
S,  and  comes  fooner  to  the  Meridian  than  it 
does :  And  therefore  the  Arch  m  s  turned  into 
Time ,  is  to  be  added  to  the  Time  in  which  S 
touches  the  Meridian.  Having  now  the  diftance 
of  Time  between  the  coming  of  the  point  m  to  the 
Meridian,  and  the  coming  of  rhe  point  S  to  the 
fame  ;  as  alio  the  diftance  of  Time  between  the 
arrivals  of  the  points  s  and  A  to  the  Meridian, 

We  (hall  have  the  diftance  of  Time  between  the 
coming  of  the  point  m  to  the  Meridian,  and  of 

the 
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Lecture  the  point  A’s  arrival  to  the  fame ;  that  is,  we 

XXV.  fliall  have  the  difference  between  the  Apparent  and 
True  Time ,  which  is  the  Equation  of  Time . 

Two  Ta -  FOR  the  equating  of  Time  the  Aftronomers 

^Juatilr  £'  comP°fe  two  Tables,  one  for  the  Arch  s  mf  which 
lime.  is  to  be  entered  into  with  the  Anomaly  of  the 
Sun  :  And  if  the  point  m  be  Weftward  of  the 
point  s,  they  mark  it  with  -f*  or  the  Sign  of 
Addition  3  but  if  it  be  on  the  other  fide,  they 
place  —  or  of  Subftradfion.  The  other  Table  is 
for  the  Arch  s  A,  which  is  the  difference  between 
the  place  of  the  Sun  in  the  Ecliptick  and  his 
Right-  Afcenfion.  And  the  Equations  of  this  Ta¬ 
ble  are  likewife  marked  with  the  Signs  of  Ad¬ 
dition  or  Subftradfion  3  as  the  point  s  is  to  the 
Weft  or  Eaft  of  the  point  A.  The  Sum  of  thefe 
twb  Equations,  if  they  be  of  the  fame  kind,  that 
is,  both  to  be  added  or  both  to  be  fubftracled  $ 
or  their  difference,  if  their  Affections  be  of  diffe¬ 
rent  kinds,  make  up  the  abfolute  Equation  of 
Time. 

The  Tem-  THE  Artifts  likewife  make  a  Table  compo- 
| °™ry  Ta~  fed  of  both  the  former ;  but  it  will  only  ferve  for 
a  time :  Yet  it  may  be  ufed  for  a  whole  Age  with¬ 
out  any  fenfible  Error  ;  for  the  fame  Degree  -  of 
Anomaly  keeps  nearly  in  the  fame  Degree  of  the 
Ecliptick  the  fpace  of  an  Age.-  And  therefore  for 
the  fpace  of  50  Years  thefe  two  Equations  may 
be  joined  in  one.  But  becaufe  of  the  Praeceffion 
of  the  Equinoxes,  the  Sun’s  Apogceon  in  procefs 
of  Time  changes  its  place  in  the  Ecliptick,  and 
goes  Eafterly  with  the  Fixed  Stars:  And  there¬ 
fore  in  different  Ages  the  fame  Degrees  of  Ano¬ 
maly  will  fail  upon  different  Degrees  of  the  Eclip¬ 
tick  :  And  therefore  one  Table  will  not  ferve  for 
all  Ages. 

tVhen  the  THE  imaginary  Star,  by  whofe  equal  Mo- 
l°Jfrn  ®a)bse  tion  we  iheafure  Time,  goes  conftantly  and  uni- 
hngcr  than  formly  forward  to  the  Eaft :  But  the  point  A 
the  mean,  which  determines  the  Right-Afcenfion  of  the  Sun, 
and  marks  out  the  apparent  Time,  has  as  it  were 
a  Libradoo,  or  goes  backwards  and  forwards  in 

refped: 
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refpedt  of  m  :  Sometimes  it  gets  to  the  Eaft  of  mt  Ledfcure 
and  fometimes  is  to  the  Weft  of  it,  and  fometimes  XXV. 
coincides  with  it.  And  therefore  when  the  point 
A  has  its  relative  Motion  in  refped:  of  m  Eaft- 
ward,  the  point  A  is  more  Eaft  than  the  Star  mf 
and  then  the  Days  are  longer  than  the  mean 
Days,  which  are  meafured  by  Equal  Time  $  and 
the  falter  the  point  A  goes  to  the  Eaft,  fo  much 
the  longer  are  the  Solar  Days :  For  belides  the 
Revolution  of  the  whole  Heavens,  the  Arch  to 
be  added  to  make  up  the  Solar  Day  .is  greater, 
becaufe  the  point  A  goes  a  greater  Ipace  Eaft- 
ward.  Hence  it  follows,  that  as  foon  as  the  re¬ 
lative  Motion  of  the  point  A  begins  to  be  Eaft- 
ward,  the  Solar  Days  begin  like  wife  to  be  lon¬ 
ger  than  the  mean  Days.  I  fpeak  of  the  relative 
Motion  in  regard  of  the  point  m;  for  the  ab- 
folute  Motion  of  A  is  always  Eaft  ward :  But 
when  the  point  A  is  gone  its  fartheft  diftance 
from  m  to  the  Eaft,  then  it  begins  to  come  back 
again  to  mt  and  has  its  relative  Motion  Weft- 
ward  :  But  before  that,  the  point  A  will  be  for 
a  while  ftationary  in  refpedt  of  m ,  in  the  middle 
Time  between  its  Recefs  and  Accefs  5  and  then  When  the 
the  Solar  Days  will  be  equil  to  the  mean  Days  $***£  s 
and  in  thefe  Points  the  Equations  will  be  greateft.  ^  Tequah 
When  the  Motion  of  the  point  A  to  the  Eaft 
is  quickeft,  there  the  Days  become  the  longeft  ; 
and-  where  it  is  the  lloweft,  that  is,  where  the 
Motion  relative  to  m  is  Weftward  and  greateft, 
there  the  Days  are  Ihorteft.  In  the  prefent  Age 
wherein  we  live,  when  the  Sunis  in  the  10th  Degree 
of  Scorfio,  the  point  A  is  at  its  fartheft  diftance 
from  m  to  the  Weft  of  it ;  and  its  diftance  then 
amounts  to  40.  2'. 45",  and  therefore  the  great-  At  wbat 
eft  Equation  in  Time  is  i6\  11".  From  then  crimes  of  the 
the  Days  begin  to  encreafe,  till  the  Sun  comes  quations^ri 
to  11  t  Degree  of  Aquarius ,  where  it  has  gonegre<Jf?#»  , 
to  its  fartheft  diftance  from  m  Eaft  ward,  it  be¬ 
ing  there  removed  3  Deg.  42  ~  Min.  whence  the 
greateft  Equation  of  Time  is  14'.  50":  And  from 
thence  the  relative  Motion  of  the  point  A  be- 
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JLe&ure  gins  again  to  be  Weft  ward,  till  the  Sun  comes 
XXV.  to  the  24 th  Degree  of  Taurus  or  the  Built  and 
there  the  point  A  is  removed  from  m  i  Deg. 
li  Min.  to  the  Weft  of  the  Star  m,  and  the 
greateft  Equation  of  Time  is  4'.  6 ".  Thence  it 
returns  again  to  m>  and  moves  Eafterly,  till  the 
Sun  comes  into  the  3£  Degrees  of  the  Lion, 
where  A  is  diftant  from  m  1  Deg.  28  \  Min. 
and  the  greateft  Equation  of  Time  is  5'.  53": 
And  from  thence  its  Motion  begins  to  be  to  the 
Weft,  till  the  Sun  arrives  at  the  10 th  of  the 
Scorpion  ;  and  thereabouts  it  changes  its  Courfe 
and  goes  Eaftward.  It  is  plain,  that  when  the 
Points  A  and  m  coincide,  that  there  the  mean 
and  Apparent  Time  mu  ft  likewife  coincide.  Hence 
if  we  have  a  Pendulum  Clock  accurately  and 
nicely  fitted,  and  the  Motion  of  the  Hand  fee 
to  equal  or  True  Time ,  the  Hand  of  this  Clock 
will  always  point  out  the  Time  different  from  the 
Solar  Time  (hewed  by  a  Sum  Dial;  except  four 
times  a  Year,  which  is  about  the  4 th  of  April, 
the  6th  of  June ,  the  20 th  of  Auguft,  and  the  i^th 
of  December.  At  all  other  Times  the  Hour  by 
the  Sun-Dial  will  either  be  before  or  later  than 
that  (hewed  by  the  Hand  of  the  Clock  :  And 
about  the  23 d  of  OElober  the  Clock  will  differ 
moft  of  all  from  the  Sun,  where  its  Motion  is 
(lower  than  the  Solar  Time  by  16'.  11". 

I F  you  inquire  in  what  Points  the  Equations 
are  the  greateft,  the  eminent  Dr.  Edmund  Hailey , 
who  for  his  great  Inventions  is  never  to  be  men¬ 
tioned  by  Aftronomers  without  Honour,  has  given 
11s  the  Solution  of  this  Problem.  But  to  under- 
ftand  it  we  muft  fir  ft  lay  down  the  following 
Lemma. 


w. 


L  E  M  M  A. 


IF  any  plain  Figure  be  projeSled  Orthographi¬ 
cal!  f  on  a  Plane  ;  which  is  done  by  letting  fall  from 
every  point  of  it  Perpendiculars  on  the  Plane  of 
ProjeSh'on  3  the  Area  of  that  Projection  of  the  Figure 
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will  be  to  the  Figure  projected,  as  the  Co-Jine  of  the  Lecture 
Inclination  of  the  Planes  is  to  the  i{adius.  XXV. 

FOR  any  Figure  can  always  be  refolved 
into  Parallelograms  or  Triangles,  whole  Bafes 
are  parallel  to  the  common  Section  of  the  Planes; 
and  therefore  they  will  be  parallel  to  the  Plane 
on  which  they  are  projected  :  Wherefore  the  Ba¬ 
fes  of  thefe  Parallelograms  or  Triangles,  and  their 
Projections  on  the  Plane,  are  always  equal  to 
each  other,  and  parallel,  as  we  have  fhewed  in 
Lefture  XIII.  But  the  Perpendiculars  let  fall  from 
the  Summits  or  Tops  of  the  Triangles  and  Pa¬ 
rallelograms  upon  the  Bafes,  are  alfo  perpendi¬ 
cular  to  the  common  Section  of  the  Planes,  by 
the  29 th  of  the  firft  El.  And  therefore  the  In¬ 
clination  of  the  Perpendiculars  to  the  Plane  is 
equal  to  the  Inclination  of  the  Planes  to  each 
other.  And  confequently,  the  Projections  of  thefe 
Perpendiculars  will  be  to  the  Perpendiculars 
themfelves,  as  the  Co-fine  of  the  Inclination  of 
the  Plane  is  to  the  Radius.  Wherefore  every 
Parallelogram  or  Triangle  is  projected  into  ano¬ 
ther,  whofe  Bafe  is  equal  to  the  Bafe  of  the 
Triangle  or  Parallelogram  projected;  and  its 
height  is  to  the  height  of  the  Figure  projected 
as  the  Cofine  of  the  Inclination  of  the  Planes 
is  to  the  Radius.  But  Triangles  and  Parallelo¬ 
grams  whofe  Bafes  are  equal,  are  as  the  Perpendi¬ 
culars  let  fall  from  the  Tops  upon  the  Bafes. 

The  Projection  therefore  of  each  Triangle  is  to 
the  Triangle  projected  in  a  conftant  and  given 
proportion  ;  confequently  all  the  Projections  of  all 
the  Triangles  or  Parallelograms  are  to  the  Fi¬ 
gures  projected  in  the  fame  Proportion  ;  that  is, 
the  Projection  is  to  the  Figure  projected  as  the 
Co-fine  of  the  Inclination  is  to  the  Radius. 

I  F  the  Orbit  of  the  Earth  be  Orthographi- 
cally  projected  on  the  Plane  of  the  Equator,  by 
letting  fall  from  each  of  its  Points  Perpendiculars, 
the  Projection  will  be  an  Ellinfe,  in  whofe  Pe¬ 
rimeter  the  Extremity  of  a  Right  Line  let  fall 
from  the  Earth,  perpendicular  to  the  Plane  of 
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LeCture  the  Equator,  will  conftantly  move :  And  this 
XXVi  point  by  its  Motion  will  mark  out  the  Right- 
Afcenfion  of  the  Earth,  or  its  Motion  according 
to  the  Equator,  as  it  is  to  be  feen  from  the  Sun  5 
to  which  the  Right-Afcenfion  of  the  Sun  feen 
plateXXiv. from  the  Earth  is  always  equal.  Let  T  A 
fig*  5»  be  the  Ellipfe  in  which  the  Orbit  of  the  Earth 
is  projected,  S  the  point  of  Projection  of  the 
Sun’s  Center,  V  S  £3  the  common  InterfeClion  of 
the  Equator  and  the  Ecliptick,  A  any  point, 
where  a  Perpendicular  from  the  Earth  meets  with 
the  Projection  :  The  Angle  T  S  A  will  meafure 
the  Right-Afcenfion  of  the  Sun.  Now  I  fay  that 
this  point.  A  which  marks  out  the  Motion  of 
Right-Afcenfion,  will  fo  proceed  in  the  Ellipfe 
V  A  A  C,  that  it  will  defcribe  about  the  point 
S  Elliptick  Area’s  proportional  to  the  Times* 
For  in  a  given  Time  let  A  move  thro’  the  El¬ 
liptick  Arch  A  B  ;  draw  the  Lines  A  S  and  B  S  ; 
and  the  trilinear  Figure  A  S  B  will  be  the  Pro¬ 
jection  of  the  correfpondent  Area  which  the  Earth 
defcribes  in  the  Plane  of  the  Ecliptick,  in  the 
fame  Time,  round  the  Sun  :  And  therefore  the 
Projection  A  S  B  will  be  to  the  correfpondent 
Area  in  the  Earth’s  Elliptick  Orbit,  as  the  Co-fine 
of  the  Inclination  of  the  Equator  and  the  Eclip¬ 
tick  is  to  the  Radius.  But  in  the  fame  Propor¬ 
tion  is  the  whole  Elliptick  Area  Y  A  tss  C  to 
the  whole  Area  of  the  Earth’s  Orbit :  There¬ 
fore  by  Permutation  of  Proportion,  the  trilineal 
Figure  A  S  B  will  be  to  the  whole  Elliptick  A- 
rea  VA&C,  as  the  Area  defcribed  in  the  Earth’s 
Orbit  round  the  Sun  is  to  the  whole  Area  of 
the  Earth’s  Orbit ;  that  is  as  the  Time  in  which 
that  Area  in  the  Orbit  of  the  Earth,  or  the 
Area  A  S  B  in  the  Projection,  is  defcribed,  is  to 
the  whole  Periodical  Time.  Therefore  the  point 
A  moves  in  the  Perimeter  of  the  Ellipfe  at  fuch 
a  rate,  that  it  defcribes  about  S  Area’s  that  are 
continually  proportional  to  the  Times. 

THE  fame  things  being  laid  down  ;  at  the 
Center  S  and  distance  SA,  which  is  a  mean 
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proportional  between  half  the  greater  and  half  Ledfure 
the  leffer  Axis  of  the  Ellipfe,  deferibe  a  Cir-  XXV. 
.cle;  this  Circle  will  be  equal  to  the  whole  £1- 
liptick  Area  ;  as  it  is  eafy  to  demonflrate  from  pkuexxiv* 
the  Dodlrine  of  the  Conici \  Sections  :  This  Cir- 
i  .cle  will  cut  the  Ellipfis  in  four  Points  E,  F,  G,  H. 

The  points  of  Interfe&ion  (hew  the  Right-Af- 
cenhons  of  the  Sun,  where  the  Equations  are 
greateft.  Imagine  a  point  M  to  move  uniformly 
in  the  Periphery  of  the  Circle;  its  Motion  will 
then  reprefent  the  Motion  of  our  imaginary  Star 
m,  and  will  deferibe  about  the  point  S  circular 
Sectors  that  are  proportional  to  the  Time :  And 
becaufe  the  Area  of  the  whole  Circle  and  the 
Area  of  the  Ellipfe  are  equal,  the  Area’s  of  the 
Elliptick  Sectors  and  of  the  Circular  Sectors,  de¬ 
scribed  in  the  fame  time,  will  be  conftantly 
equal.  Let  us  now  fuppofe  that  the  point  M 
in  the  Periphery  of  the  Circle,  and  the  point 
that  marks  out  the  Sun’s  Right-Afcenlion  in  the 
Ellipfe,  be  placed  at  the  fame  time  both  in 
the  right  Line  S  L  M.  Let  thefe  Points  after¬ 
wards  be  in  m  and  A,  then  the  Elliptick  Area 
L  S  A  will  be  equal  to  the  circular  Sedtor  MSw: 

And  becaufe  the  Arch  M  m  is  without  the  Ei- 
liple,  the  Angle  M  S  rr  will  be  lefs  than  the  Angle 
MSA,  and  the  difference  of  the  Angles  mea- 
fured  by  the  Arch  m  A,  which  is  the  Equation 
of  Time.  When  the  point  which  marks  out  the 
Right  Afcenfion  of  the  Sun  comes  to  the  Inter- 
fedlion  F  of  the  Circle  and  Ellipfe ;  there  its 
angular  Motion  round  the  Sun  will  be  equal  to 
the  angular  Motion  of  the  point  m  ;  for  the  A- 
rea’s  m  S  n  and  ASF  are  equal,  they  being  both 
aeferibed  in  the  fame  Moment  of  Time,  and  at 
the  fame  diftance  from  S  ;  and  confequently  the 
Arch  q  F  is  equal  to  the  Arch  m  n.  In  the  point 
therefore  F,  the  Motion  of  Right-Afcenfion  is 
equal  to  the  Motion  of  the  imaginary  Star,  or 
equal  to  the  mean  Motion.  The  fame  thing  may 
be  (hewed  at  G,  H  and  E :  But  it  was  (hewed 
before,  that  where  the  Motion  of  Right-Afcenfion 
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J^edure  was  equal  to  the  Motion  of  the  point  m ,  that 
XXV.  there  the  Equations  are  greateft.  Wherefore  in 
the  points  F,  G,  H  and  E  are  the  Equations 
greateft. 

Wbkh  are  I  F  you  inquire  in  what  points  the  Days  are 

or  fhorteft,  the  fame  eminent  Dr.  Halley 
tick  where  has  alfo  given  us  a  Geometrical  Solution  of  this 
the  Days  problem.  Let  T  S'  Vp  be  the  Ellipfe  into  which 
7nd  where  the  Earth's  Orbit  is  projeded,  and  S  the  point 
jhortefi .  of  the  Sun’s  Center,  K  the  Center  of  the  Ellipfe. 
Flatexxiv  Produce  K  S  on  each  hand,  fo  that  K  G  and 
fig.  7 .  S  H  may  be  to  K  S  ( which  is  the  Projedion  of 
the  Eccentricity )  as  the  fquare  of  the  Radius  is 
to  the  fquare  of  the  Sine  of  the  Obliquity  of  the 
Ecliptick  :  Thro*  K  draw  T  £;  parallel  to  the 
common  Sedion  of  the  Equator  and  Ecliptick, 
and  cut  it  at  Right-Angles  with  the  Line  S'  K  yp  2 
Thro*  G  draw  G  F,  and  thro'  H  draw  F  H  pa¬ 
rallel  to  the  Lines  S'  V?  and  v  s£s ;  and  thro* 
S  and  K  defcribe  the  Hyperbola  A  B  whofe  Afymp* 
tots  are  F  G,  F  H.  This  Hyperbola  and  its  op- 
pofite  C  D  will  cut  the  Ellipfe  in  the  points 
that  are  required  ;  that  is,  when  the  Sun  is  in 
the  points  of  the  Ecliptick  which  correfpand  with 
B  and  D,  then  the  Days  are  the  longeft }  and 
in  B  the  Days  are  longer  than  in  D  :  But  the 
points  of  the  Ecliptick  which  anfwer  to  A  and 
C,  give  us  the  places  where  the  Days  are  fhort¬ 
eft.  The  Demonftration  of  this  depends  on  the 
Motion  of  the  point  that  marks  the  Right  -Af- 
cenfion  of  the  Sun  round  S  ;  for  it  deferibes  about 
it  Area’s  that  are  proportional  to  the  Times.  There¬ 
fore  the  angular  Velocity  is  every  where  reci¬ 
procally  as  the  fquare  of  the  diftance  from  S ;  con- 
iequently  the  Velocities  muft  be  greateft  where 
thefe  diftances  are  leaft ;  that  is,  where  the  leaft 
Lines  that  can  be  drawn  from  S  fall  upon  the 
Ellipfe ;  and  the  Velocities  are  the  leaft  where 
the  Lines  drawn  from  S  to  the  Ellipfe  are  the 
greateft:  But  by  the  Coriftrudion,  and  the  6zd&rof*. 
ILib.V.  of  Apollonius  s  Conicks y  it  is  evident  that  the 
Hyperbola’s  will  cut  the,  Ellipfis  in  the  points  A 
#  *  A  ^  and 
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and  C ;  where  the  Right  Lines  S  A  and  S  C  Le£lure 
are  the  greateft  ;  and  in  the  points  B  and  D,  XXVI. 
where  the  Right  Lines  S  B  and  S  D  are  the  leaft  : 

For  in  thefe  points  the  Lines  S  A,  S  B,  S  C,  S  D 
are  perpendicular  to  the  Curve.  Hence  the  Mo¬ 
tion  of  the  Sun,  according  to  his  Right-Afcen- 
(ion,  will  be  quickeft  in  B  and  D  ;  and  therefore 
the  Days  will  be  then  the  longeft :  And  the  Mo¬ 
tion  being  (lowed  in  C  and  A,  the  Days  will 
be  there  the  (horteft. 


LECTURE  XXVI. 

Of  the  Theories  of  the  other  Planet  si 

F  T  E  R  having  explained  the  The¬ 
ory  of  the  Earth’s  annual  Motion,, 
and  (hewed  the  Methods  by  which 
the  Form  of  its  Orbit,  and  the  Po~ 

(ition  of  the  Apfides  are  determined, 
n  by  the  help  of  Agronomical  Tables 
compute  for  any  time  the  place  of  the  Earth  in 
the  Ecliptick  feen  from  the  Sun,  and  its  oppo- 
fite  point  in  which  the  Sun  appears  to  be,  as  he  * 
is  obferved  by  us.  We  will  now  come  to  ex¬ 
plain  the  Theories  of  the  other  Planets,  the 
knowledge  of  which  cannot  be  attained  with- 
out  the  Earth’s  Motion  being  perfectly  known,  ^ 
BUT  the  Periods  of  the  Planets  or  the  Times  cemrkk*nd. 
they  take  to  compleat  their  Circulations  are  to  Geuentric^ 

be  found  out  in  the  firft  place.  For  which  ^fanettbat 
purpofe  we  muft  obierve,  that  when  any  fup t-i*hoppa- 
rior  Planet  comes  to  an  Oppofttion  with  the 
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LeCfcure  Sun,  they  then  appear  in  the  fame  point  of  the 
XXVI.  Ecliptick  feen  from  the  Earth,  as  they  would 
do  if  the  Eye  were  in  the  Sun  and  obferved 
them  from  thence  ;  as  alfo  the  inferiour  Planets 
when  they  are  in  Conjunction  with  the  Sun,  and 
are  obferved  in  the  Sun’s  Disk :  If  there  were 
an  Obferver  in  the  Sun,  he  would  fee  them  in 
the  oppohte  point  of  the  Ecliptick  in  which  we 
behold  them :  And  therefore  when  ever  a  fupe- 
riour  Planet  is  in  Oppolition  to  the  Sun,  his  He- 
liocentrick  and  Geocentrick  places  coincide :  But 
when  an  inferior  Planet  is  in  Conjunction  with 
the  Sun,  and  is  feen  in  his  Disk,  the  Heliocen- 
trick  and  Geocentrick  Places  are  oppolite  to  each 
other.  Moreover  in  the  inferiour  Planets,  when 
they  are  at  their  greateft  Elongations  from  the  Sun, 
the  Angle  at  the  Sun’s  Center,  contained  between 
the  Right  Lines  drawn  to  the  Earth  and  Pla¬ 
net,  is  nearly  the  Complement  of  the  Elongation  : 
For  in  Orbits  which  are  nearly  circular,  a  Line 
touching  the  Orbit  is  almoft  perpendicular  to  the 
Line  drawn  from  the  Sun  to  the  point  of  Con¬ 
tact  :  And  therefore  that  Angle  will  be  given. 
But  we  have  the  point  of  the  Ecliptick  in  which 
the  Earth  is  at  that  time  feen  from  the  Sun  ; 
and  confequently  the  point  of  the  Ecliptick  in 
which  the  Planet  is  feen  from  the  Sun.  And 
therefore  in  thefe  Pofitio'ns  we  have  the  Helio- 
centrick  places  of  the  Planets. 

Bom  to  IF  then  any  fuperiour  Planet,  as  for  Example, 
find  nearly  Juptter  were  obferved  when  he  is  in  Oppolition 
cal  Tmeofto  the  Sun  :  And  again,  if  he  were  likewife  ob- 
4  Planet,  ferved  when  he  comes  next  in  Oppolition  to  the 
Sun,  we  jfhall  have  that  Arch  which  the  Planet 
feen  from  the  Sun  has  in  the  mean  time  de¬ 
fer  ibed.  Say  as  that  Arch  is  to  the  whole  Cir¬ 
cumference,  fo  is  the  time  between  the  Obfer- 
vations  to  a  fourth,  which  will  be  nearly  the  Peri¬ 
odical  Time  of  the  Planet.  After  the  fame  man¬ 
ner,  by  obferving  two  Heliocentrick  places  of  an 
inferiour  Planet,  we  may  nearly  colled:  its  Perio¬ 
dical  Time.  I  lay  nearly,  and  not  exaCtly  $  for 
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the  Calculation  fuppofes  that  the  Motion  of  the  Ledture 
Planet  is  in  a  Circle,  and  that  thro*  the  whole  XXVI. 
Period  it  is  uniform,  which  is  not  true. 

THE  following  Method  for  finding  the  Pe-  a  more 
riodical  Times  is  more  accurate.  Obferve  a  Pla ~ “Method  of 
net  twice  fucceffively  in  the  fame  Node ;  that^^t  the 
is,  let  there  be  two  Obfervations,  when  th efame. 
Planet  about  the  fame  part  of  its  Orbit  has  no 
Latitude ;  which  can  only  happen  when  the  Pla¬ 
net  has  really  no  Latitude,  and  is  placed  in  its 
Node :  The  Time  between  the  two  Obferva¬ 
tions  will  be  equal  to  the  Periodical  Time  of  the 
Planet.  For  becaufe  all  the  Planets  move  in  Or¬ 
bits  whofe  Planes  are  different  from  the  Plane 
of  the  Ecliptick,  and  the  Sun  is  in  the  com¬ 
mon  Focus  of  all  the  Orbits,  thefe  Planes  will 
all  cut  the  Ecliptick  in  Lines  which  pafs  thro* 
the  Sun,  and  in  the  Interfedtions  of  thefe  Lines 
with  the  Ecliptick  are  the  Nodes;  and  the  Planet 
in  the  whole  time  of  its  Period  can  never  be 
obferved  but  once  in  one  and  the  fame  Node. 

Now  the  Nodes  are  either  at  reft,  or  they  have 
a  very  flow  Motion,  fo  that  for  the  fpace  of  one 
Period  they  may  be  efteemed  as  at  reft.  And 
therefore  if  we  know  the  time  between  two  ar- 

>  r  f 

rivals  of  a  Planet  at  the  fame  Node  immediately 
following  each  other,  we  fliall  likewife  know  the 
time  of  a  Planet’s  Period. 

B  Y  the  very  fame  Obfervations,  if  we  have 
the  Theory  of  the  Earth’s  Motion,  we  can  find 
the  Pofirion  of  the  Line  of  the  Nodes  or  the 
points  of  the  Ecliptick,  in  which  that  Line  does 
interfecft  it.  Let  AT  B  be  the  Orbit  of  the  Earth, 

C  N  D  the  Orbit  of  the  Planet,  NS»  the,  Line 
of  the  Nodes;  and  in  the  fit  ft  Obfervarion  fup- 
pofe  the  Earth  in  T,  and  the  Planet  to  be  obferved 
in  N  :  And  becaufc  the  place  of  the  Planet  feen  Table xxv. 
from  the  Earth  is  known  by  Obfervation,  and  l* 
the  apparent  place  of  the  Sun,  at  the  Time,  is 
known  by  the  Theory  of  the  Earth’s  Motion  ; 
we  have  the  Arch  of  the  Ecliptick  between  the  two 
places,  or  the  meafure  of  the  Angle  NTS.  In 
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the  feeond  Obfervation  let  the  Earth  be  in  t9 
and  the  Planet  in  the  fame  Node  N,  and  we 
fhall 'have  by  the  fame  way  the  Angle  N  t  S.  In 
the  right-lin’d  Triangle  T  S  t  we  have  the  lides 
T S,  t  S,  and  the  Angle  TSf,  which  is  known  by 
the  Theory  of  the  Earth ;  therefore  by  Trigono¬ 
metry  we  can  find  the  Angles  S  T  ^  and  S  t  T, 
as  likewife  the  fide  t  T  :  Therefore  from  the  known 
Angle  S  T  t  take  away  the  known  Angle  S  T  N> 
and  we  fhall  have  the  Angle  NTi.  To  the 
known  Angie  n  t  S  add  the  Angle  St  T,  which 
was  found  out,  and  we  have  the  Angie  N  t  T. 
Then  in  the  Triangle  N^T  we  have  all  the 
Angles  and  the  fide  t  T ;  confequently  we  final! 
have  the  fide  N  T,  the  diftance  of  the  Planet 
from  the  Earth  at  the  firft  Obfervation.  Laftly, 
in  the  Triangle  N  T  S  we  have  the  fides  N  T 
and  T  S,  and  the  Angle  NTS  which  was  known 
by  Obfervation ;  confequently  we  fhall  find  the 
fide  N  S  the  diftance  of  the  Planet  from  the 
Sun  when  he  is  in  the  Node,  and  the  Angle 
TSNj  which  {hews  the  Pofition  of  the  Line  of 
the  Nodes  ;  for  that  point  of  the  Ecliptick  which 
the  Earth  is  in,  feen  from  the  Sun  at  the  time  of 
the  Obfervation,  is  known  ;  and  the  Angle  T  S  N 
is  likewife  known  :  Therefore  we  have  the  point 
of  the  Ecliptick  N,  in  which  the  Node  is  pla¬ 
ced  feen  from  the  Sun  ;  and  the  point  n  oppofite 
to  it  will  be  the  place  of  the  other  Node.  And 
therefore  the  Pofition  of  the  Nodes  is  found. 

THE  Places  of  the  Nodes  being  once  deter¬ 
mined,  we  fhall  eafily  find  the  Inclination  of  the 
Plane  of  the  Planets  Orbit  to  the  Ecliptick :  For 
having  the  Places  of  the  Nodes ,  we  can  find  the 
Time  when  the  Earth  feen  from  the  Sun  is  in 
one  of  them.  At  the  fame  Time  obferve  the  Geo - 
centrick.  Latitude  of  the  Planet,  and  his  diftance 
from  the  oppofite  Node :  Then  the  Geocentric 4  La¬ 
titude  of  the  Planet  is  equal  to  the  Heliocentric 4 
Latitude  it  will  have,  when  feen  from  the  Sun 
at  the  fame  diftance  from  the  Node ;  that  is,  make 
thg  Angle  nSf  equal  to  the  Angle  ?*NP,  and  the 
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Latitude  of  the  Planet  at  p  oblerved  from  S,  will  be  Le&ure 
equal  to  its  Latitude  at  P  obferved  from  N.  For  let  XXIV. 
C  P D  be  the  Orbit  of  the  Planer,  NS«  the  Line 
of  the  Nodes ,  BNTa  Portion  of  the  Orbit  of 
the  Earth,  in  which  fuppofe  the  Earth  to  be  at 
N  in  the  Line  of  the  Nodes ,  and  the  Planet  in 
its  Orbit  to  be  at  P ;  and  then  the  Sun,  Earth  and 
Planet  will  be  all  in  the  Plane  of  the  Planets 
Orbit.  From  the  Point  P  on  the  Ecliptick’s  Plane 
let  fail  the  Perpendicular  PE,  and  in  the  Plane 
of  the  Ecliptick  draw  the  Line  NE;  then  the 
Plane  of  the  Triangle  NPE  will  be  Perpen¬ 
dicular  to  the  Ecliptick,  and  the  Angle  P  N  E 
will  be  the  vilible  Latitude  of  the  Planet  feen 
from  the  Earth.  Through  S  draw  Sp/  parallel 
to  NP,  and  pe  parallel  to  P  E;  and  the  Plane 
through  S p  and  pe  will  be  parallel  to  the  Plane 
N  P  E,.  and  confequently  perpendicular  to  the 
Plane  of  the  Ecliptick ;  and  therefore  S  e  the  com¬ 
mon  Section  of  the  Ecliptick  with  this  Plane  will 
be  parallel  to  N  E.  And  becaufe  N  P  and  N  E 
are  parallel  to  Sp  and  S  e,  the  Angle  pSe  the  He¬ 
liocentric k.  Latitude,  will  be  equal  to  the  Angle 
P  N  E  the  Latitude  of  the  Planet  obferved  from 
the  Earth  in  the  Node  N. 

LET  nf  be  a  Portion  of  the  Planet's  Orbit 
extended  to  the  Heavens,  n  b  a  Portion  of  the 
Ecliptick,  fh  a  Circle  of  Latitude  palling  through 
the  Heliocentric k  place  of  the  Planet.  In  the 
Right  Angled  Spherical  Triangle  nfh,  having  n  h  the 
diftance  of  the  Planet  from  the  Node,  equal  to 
what  was  obferved  when  the  Earth  was  at  N, 
and  the  Latitude  fh  equal  alfo  to  what  was  ob¬ 
ferved  at  N,  we  can  find  from  thence  the  Angle 
hnf  the  Inclination  of  the  Plane  of  the  Orbit  to 
the  Ecliptick,  which  was  to  be  found  out. 

H  AV  I  N  G  once  found  out  this  Inclination,  by 
Obfervation  we  can  find  out  the  Heliocentric ^ 
place  of  the  Planet,  and  his  diftance  from  the 
Sun,  when  ever  he.  comes  in  oppofition  to  the 
Sun. 


LET 
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Ledure  LET  A  T  B  be  the  Orbit  of  the  Earth,  D*P  E 
XXV.  the  Orbit  of  the  Planet :  Suppofe  the  Planet  in 
^^>0  and  Earth  in  T,  and  N  S»  the  Line  of 
How  to  Nodes,  in  which  the  Sun  is  in  S.  The  Planet 
find  the  He- being  in  oppofition  to  the  Sun,  its  place  reduced 
p°acetT'and  to  the  Ecliptick,  will  be  in  the  Line  S  T,  which 
diftance  paftes  through  the  Earth,  Obferve  the  Angle 
wbm^tb”  PTE  the  Planet^  Geocentric!^  Latitude,  and  we 
Tlanet  is  in  have  the  Angle  P  S  T  his  Heliocentric Latitude, 
oppofitionto  becaufe  we  have  the  Planet’s  diftance  from  the  Node, 
the  sun.  Likewife  by  the  Theory  of  the  Earth’s  Motion, 
f  Fie  X,XV’ we  have  ST  its  diftance  from  the  Sun.  And 
therefore  in  the  Triangle  PST,  having  all  the 
Angles  and  one  Side  ST,  we  fhall  find  SP  the 
diftance  of  the  Planet  from  the  Sun;  and  the 
Angle  P  S  n  the  diftance  of  the  Planet  from  the 
Node,  is  found  by  the  Heliocentric!^  Latitude,  by 
which  means  we  have  the  place  of  the  Planet  in 
his  own  Orbit.  In  the  fame  manner  if  we  have 
any  other  two  Obfervations  of  the  fame  Planet, 
in  a  Pofition  or  Afped  oppofite  to  the  Sun,  we 
fliall  have  the  Pofition  and  Magnitude  of  three 
Lines,  through  whofe  Extremities  the  Planet’s  Orb 
pa  fife  s,  and  the  Sun  is  in  one  of  the  Foci  of  the 
Orbit.  And  therefore  to  determine  this  Orbit,  its 
Form  and  Pofition,  we  muft  defcribe  an*  Ellipfe 
whofe  Focus  is  given,  and  which  will  pafs  through 
three  given  Points.  The  Geometers  (hew  the  Me¬ 
thod  of  conftruding  this  Problem,  and  we  will 
likewife  give  the  Solution  of  it  hereafter. 

To  find  the  THOUGH  a  Planet  were  not  in  an  Acro- 
Heliocen-  nychal  Pofition,  but  in  any  other  Afped  befides  an 

a nddiflaTce  Oppofition  to  the  Sun,  yet  by  one  Obfervation  its 
when  the  diftance  from  the  Sun  and  Heliocentric ^  place 
Planet  is  in  may  be  found.  Suppofe  P  A  E  the  Orbit  of  the 
Aifpefi!  ^  Planet,  TGH  the  Orbit  of  the  Earth.  Let  the 
Plate xxv.  Earth  be  in  T,  and  the  Planet  in  P,  and  the  Sun 
Fig*  4*  in  S  in  the  Line  of  the  Nodes  N  S.  From  P  let 
fall  the  Perpendicular  PB  on  the  Plane  of  the  E- 
cliptick  :  Draw  B  T,  and  produce  it  till  it  meets 
with  the  Line  of  the  Nodes  in  N,  and  the  Plane  of  the 
Triangle  NPB  will  be  perpendicular  to  the  Plane 
of  the  Ecliptick.  Let  the  Line  C  T  be  alfo  per¬ 
pendicular 
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pendicular  to  it,  and  meet  with  the  Plane  of  the  Lecture 
Planet’s  Orb  in  C.  From  T  upon  the  Line  S  N  XXV. 
let  fall  the  Perpendicular  TDj  joyn  the  points  D 
and  C,  and  the  Angle  T  D  C  will  be  the  Incli¬ 
nation  of  the  Planet’s  Orbit  to  the  Ecliptick, 
which  Angle  is  therefore  given.  Obferve  the 
Angle  BTP  the  Planet’s  Geocentric!^  Latitude,  and 
the  Angle  B  TS  its  Elongation  from  the  Sun  ac¬ 
cording  to  the  Ecliptick.  In  the  Triangle  NTS, 
from  the  Theory  of  the  Earth  we  have  the  fide 
S  T  the  diftance  of  the  Earth  from  the  Sun,  and 
the  Angle  T  S  N,  which  is  known  by  the  place 
of  the  Earth  and  Node  in  the  Ecliptick,  as  alfo 
the  Angle  STN  the  Complement  of  the  Angle 
STB  to  two  Right  Angles :  hence  we  {hall  have 
NT.  In  the  Right  Angled  Triangle  T  S  D, 
having  T  S  and  the  Angle  T  S  D,  we  fhall  find 
T  D;  and  therefore  in  the  Right  Angled  Triangle 
TDC,  having  TD  and  the  Angle  TDC  the 
Inclination  of  the  Orbit  to  the  Ecliptick,  we 
fhall  find  the  fide  T  C.  In  the  Right-Angled 
Triangle  TCN  we  have  TC  and  NT,  and 
therefore  we  can  find  the  Angle  T  N  C.  And 
again,  in  the  Triangle  NTP,  we  have  all  the 
Angles;  for  the  Angle  NTP  is  the  Latitude  of 
the  Planet  found  by  obfervation,  or  its  comple¬ 
ment  to  two  Right-Angles,  and  the  Angle  PNT 
juft  now  found,  as  alfo  the  fide  N  T,  wherefore  we 
fhall  find  the  fide  T  P.  In  the  Triangle  PTB  rectan¬ 
gular  at  B,  we  have  the  fide  TP,  and  the  Angle 
PTB,  which  is  the  Latitude  cbferved;  wherefore 
we  fhall  have  the  fides  B  T  and  B  P.  And  in 
the  Triangle  TSB,  having  T B  and  TS,  and  the 
Angle  BTS,  we  fhall  have  the  fide  S  B,  which 
is  called  the  Curtate  diftance  of  the  Planet  from 
the  Sun,  as  alfo  the  Angle  TSB,  and  confe- 
quently  the  Heliocentric 4  place  of  the  Planet  re¬ 
duced  to  the  Ecliptick.  Laftly,  in  the  Triangle 
PBS,  we  have  the  fides  PB,  BS,  and  by  them  we 
fhall  have  S  P  the  diftance  of  the  Planet  from 
the  Sun,  and  the  Angle  PSB  the  Heliocentric 4 
Latitude  of  the  Planet.  But  having  the  Helio¬ 
centric!^ 
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Lecture  centric 4  Latitude  and  the  Inclination  of  the  Pla* 
XXV.  netary  Orbit  to  the  Ecliptick,  we  can  find  the 
Planet’s  diftance  from  the  Node,  and  confequent- 
ly  his  diftance  from  the  Node  in  his  proper  Or¬ 
bit,  and  his  Centrick  place  feen  from  the  Sun. 
If  by  this  Method  we  find  out  two  other  Heliocentric 4 
places  of  the  Planet  and  the  diftances  from  the 
Sun,  having  likewife  the  Focus  of  the  Orbit 
which  is  the  Center  of  the  Sun,  we  may  de- 
fcribe  an  EUipfe  which  fliall  pafs  through  the 
given  points,  and  be  the  Orbit  of  the  Planet. 

Dr. Halley j  THE  moft  Ingenious  Dr.  Halley  contrived 
Method  ^/another  Method  for  finding  out  the  Centrical 
the* Hdk)-Places  tne  P^anet>  and  its  diftances  from  the 
centrick  Sun,  which  fuppofes  only  that  the  Periodical 
Pjdce  andtim e  of  the  Planet  is  known.  Let  KL  B 
from  '0  the  be  r^e  Orbit  of  the  Earth,  S  the  Sun,  P  the 
&un.  Planer,  or  rather  the  point  in  the  Plane  of  the 
xxv*  Ecliptick  on  which  the  Perpendicular  let  fall 
*  from  the  Planet  meets  that  Plane.  And  firft 
when  the  Earth  is  in  K,  obferve  the  Geocen- 
trick. ,  Longitude  of  the  Planer,  and  having  the 
Theory  of  the  Earth,  we  have  the  Apparent 
Longitude  of  the  Sun;  wherefore  we  have  the 
Angle  PKS.  The  Planet  after  it  has  compleat- 
ed  an  intire  Revolution,  does  again  return  to 
the  fame  point  P,  at  which  time  fuppofe  the 
Earth  in  L,  and  there  again  let  the  Planet  be 
obferved,  and  find  the  Angle  PLS,  the  Elonga¬ 
tion  of  the  Planet  from  the  Sun.  Having  the 
times  of  the  Obfervations,  we  have  the  places  of 
the  Earth  in  the  Ecliptick,  or  the  points  K  and 
L,  and  confequently  the  Angle  L  S  K,  and  the 
fides  L  S  and  S  K  ;  wherefore  we  (hall  have  the 
Angles  S  K  L  and  S  L  K,  and  the  fide  LK.  From 
the  known  Angles  SKP  and  SLP,  take  away 
the  known  Angles  S  KL  and  S  LK,  and  we  fliall 
have  the  Angles  PKL  and  P  LK  known  ;  there¬ 
fore  in  the  Triangle  PLK,  having  all  the  three 
Angles,  and  the  fide  LK,  we  fliall  find  the  fide 
PL  ;  And  in  the  Triangle  PLS,  having  the  fides 
PL  and  LS  and  the  intercepted  Angle  PLS,  we 


LECTURES.  m 

full  have  the  Angle  LSP,  which  determines  the  Le&ure 
Heliocentric 4  place,  and  its  diftance  from  the  XXV. 
Node  according  to  the  Ecliptick,  as  alfo  the  fide 
SP.  But  as  the  Tangent  of  the  Geocentric ^  La¬ 
titude  is  to  the  Tangent  of  the  Heliocentric fo 
is  the  Curtate  diftance  of  the  Planet  from  the 
Sun,  to  its  Curtate  diftance  from  the  Earth.  But 
by  Obfervation  we  have  the  Planet’s  Geocentric £ 

Latitude,  wherefore  its  Heliocentrick  Latitude  will 
alfo  be  found.  By  which  and  the  Curtate  diftance 
of  the  Planet  from  the  Sun,  we  can  find  out 
the  true  diftance  which  was  wanted.  If  by  this 
means  we  acquire  three  Heliocentric £  places  of 
the  Planet,  and  the  correfpondent  diftances  from 
the  Sun,  we  fhall  have  the  Form  of  the  Orbit, 
and  the  Pofition  of  the  Apftdes ,  by  deferibing  an 
Eilipfe  which  lhall  pafs  through  three  given 
points.  This  FUipfts  is  determined  by  the  fol¬ 
lowing  Method. 

LET  SD,  SC  and  SB,  be  three  Lines  given  Todejcrfte 
in  Magnitude  and  Pofition.  Draw  D  C  and  Qr^t  ^ 

B  C  and  produce  them,  fo  that  D  F  may  be  to  find  its  Fo- 
C  F  as  D  S  is  to  C  S;  and  alfo  C  E  to  B  E,  as  C  S  fiJWH 
is  to  B  S.  Joyn  F  E,  on  which  from  S  let  fall  the  pj^t ” xxv. 
perpendicular  S  G,  which  will  give  the  Pofition  of  pig.  6. 
the  Axis.  Draw  the  Lines  D  K,  C  i  and  B  H  ; 
and  cut  S  G  in  A,  and  produce  it,  fo  that  G  A 
may  be  to  S  A,  as  KD  is  to  S  D,  and  alfo  G  a 
be  to  S  a  in  the  fame  proportion ;  and  make  $  a 
equal  to  S  A.  And  the  points  A  and  a  are  the 
Vertices  or  Apftdes  of  the  Orbit,  whofe  Foci  are 
S  and  s,  and  greater  Axis  A  a ;  and  if  with  thefe 
Apftdes  and  Foci  we  deferibe  an  Eilipfe,  it  will 
be  of  the  fame  Form  with  the  Orbit  of  the 
Planet.  For  becaufe  SD  is  to  CS  as  F  D  is  to 
F  C,  and  lo  D  K  is  to  C  i  ;  by  change  of  pro¬ 
portion,  DS  is  to  D  K  as  CS  is  to  C  /,  and  fo 
is  S  B  to  B  H.  But  as  D  S  is  to  D  K,  fo  by 
conftrudfion  is  S  A  to  G  A,  and  S  a  to  G  a  ;  there¬ 
fore  as  S  A  :  G  A  :  :  S  a  ~  s  a  or  S  s  :  a  G  —  AG, 

^or  A  a.  And  therefore  we  have  SD:DK::SC: 

;SB :  B  H: :  S  s :  A  a.  But  this  is  the  Pro¬ 
perty 
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Le&ure  perty  of  an  Ellipfe  whofe  Focus  is  S,  and  greater 

XXVI.  Axis  A  a,  as  is  demonftrated  by  the  Writers  of 

WftfTSJ  Conicks,  and  particularly  by  Mr.  Milnes  in  his 
Treatife  of  Conick^  SeElions ,  Part  IV.  Prop.  9.  It 
is  evident  therefore  that  the  Ellipfe  defcribed 
with  the  Foci  S,  s  and  Axis  A  a  will  pafs  thro’  the 
points  B  C  and  D. 

BECAUSE  in  Afironomy  a  Calculation  is 
always  preferable  and  more  ufeful  than  the 
neateft  Conftrudtion,  the  Form  and  Polition  of 
the  Ellipfe  is  in  this  manner  found  out  by  Com¬ 
putation.  In  the  Triangle  DSC  having  the 
iides  D  S  and  C  S  and  the  Anglei  DSC,  we 
can  find  out  the  fide  D  C  with  the  Angles 
S  C  D  and  S  D  C  ;  and  in  the  fame  manner 
we  can  find  in  the  Triangle  BSC  the  fide 
B  C  and  the  Angles  SBC  and  S  C  B  :  And  be- 
caufe  we  have  the  Patio  of  D  F  to  C  F  and 
we  have  DC,  we  fhali  alfo  have  C  F.  In  like 
manner,  becaufe  we  have  the  patio  of  C  E  to 
B  E  and  we  have  B  C,  we  fhali  have  C  E  and 
BE.  But  we  have  the  Angle  BCD  equal  to 
the  Sum  of  two  known  Angles,  and  therefore 
we  have  the  Angle  F  C  E  its  Complement  to  two 
Right-Angles.  In  the  Triangle  FCE  we  have  the 
fides  F C  and  C  E,  and  the  Angle  FCE,  wherefore 
we  can  find  the  Angle  FEC,  and  its  Comple¬ 
ment  to  a  Right  the  Angle  i  C  E,  to  which  adding 
the  known  Angle  S  C  B,  we  have  the  whole 
Angle  S  C  i  :  And  becaufe  S  a  and  C  i  are  pa¬ 
rallel,  the  Angle  C  S  a  is  equal  to  the  Angle  SCi: 
Having  therefore  the  Angle  C  S  a  we  have  the 
Polition  of  the  Axis.  In  the  Right-angled  Tri¬ 
angle  E  C  /,  having  E  C  and  the  Angle  E,  we 
can  find  C  i;  and  therefore  we  can  find  the 
proportion  of  C  S  to  C  i.  In  the  Triangle  CS  L, 
Right-angled  at  L,  we  have  the  Angle  CSL 
the  Complement  of  the  Angle  C  S  a  to  two 
Right-Angles,  and  the  fide  C  S  :  Therefore  we 
fhali  have  S  L,  to  which  adding  L  G  equal  to 
C i,  we  have  the  whole  SG:  And  becaufe  CS 
and  C  i  are  known,  their  proportion  will  be  known : 

As 
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As  CS  is  to  Cif  fo  let  SA  be  to  AG,  and  fo  let  Ledfurd 
S  a  be  to  a  G,  and  fo  let  S  s  be  to  An,  and  we  XXVli 
have  the  Apfides  of  the  Ellipfe  A  and  a,  and  its 
Poci  S  and  /,  which  were  to  be  found. 

WE  fnewed  above,  how  by  an  Obfervation  to 
find  the  Heliocentric 4  place  of  a  Planet,  and  we 
have  now  (hewed  how  to  determine  the  Pofition 
of  the  Aphelion  ;  by  which  means  we  can  find  the 
diftance  of  a  Planet  from  the  Aphelion ,  at  the 
time  of  the  Obfervation  ;  this  diftance  from  the 
Aphelion  is  called  the  true  or  Co-equated  Anomaly 
of  the  Planet*  But  having  the  Eccentricity  of 
the  Orbit*  and  the  Periodical  Time,  we  (hewed 
before  how  to  find  the  Planet's  mean  Anomaly,  in  How  in 
the  LeBure  in  which  we  gave  the  Solution  of  Ksp-  $nd  a  pla " 
lers  Problem ;  therefore  at  the  time  of  the  Ob- 
fervation  we  fhall  have  the  Mean  Anomaly  of 
the  Planet,  or  the  place  he  would  have  in  his 
Orbit,*  did  he  conftantly  proceed  with  the  fame 
Angular  Motion  round  the  Sun.  This  being 
once  obtained  we  have  the  Planet’s  Mean  Mo¬ 
tion  for  any  other  time.  For  fay,  as  the  Perio¬ 
dical  Time  of  the  Planet  is  to  the  Time  between 
the  Obfervation  and  the  Moment  of  Time  for 
which  the  Mean  place  is  defired,  fo  is  360  De¬ 
grees  or  a  whole  Circle  to  a  fourth.  This  Arch, 
if  the  Time  preceded  the  Obfervation ,  being 
fubftracfted  from  the  place  before  found,  or  added 
to  it,  if  it  comes  after  the  Obfervation,  will  give 
the  Mean  place  of  the  Planet  for  the  Time  pro- 
pofed. 

FOR  the  more  eafily  finding  the  Mean  place 
of  a  Pianet,  for  any  Moment  of  Time,  it  will  be 
eafieft  to  take  out  its  Motion  from  the  Aftrono- 
mical  Tables,  in  which  is  fet  down  the  Planet’s 
Mean  place  or  Mean  Anomaly,  in  the  begin¬ 
ning  of  any  remarkable  AEra  ;  fuch  as  is  from 
the  Birth  of  our  Lord,  the  iEra  of  Nabonaljer ,  of  the 
the  Creation,  the  building  of  F^ome,  or  the  firft  d'x  or  Epo^ 
Year  of  the  Julian  Period:  the  places  of  rliecha‘ 
Planets  at  thefe  inftants  of  Time,  are  found  by. 
the  preceding  Methods,  and  are  computed  ac-, 
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cording  to  the  Meridian  of  Equal  'time ,  and  not 
for  the  Apparent  Time.  The  place  for  that  Time 
is  called  the  Epocha  or  Epdixy  that  is,  the  Root, 
from  which,  as  from  an  immoveable  Foundation, 
all  the  Motions  are  Calculated. 

IF  the  Times  be  Numbred  by  the  Years  from 
the  Birth  of  Chrifty  or  from  the  beginning  of  the 
Julian  Period.  It  will  be  moft  convenient  that 
the  Year  take  its  beginning  from  that  Mid-day 
which  preceded  the  firft  of  January ,  fo  that  at 
the  Mid-day  of  the  firft  of  January  there  is  one 
Day  compleatly  finifhed.  Say,  as  the  Periodical 
Time  is  to  a  common  Year  of  365  Days,  fo  is 
a  whole  Circle  or  360  Degrees  to  a  fourth,  which 
will  be  the  Mean  Motion  of  the  Planet  for  one 
Year.  In  like  manner  fay,  as  the  Periodical 
Time  is  to  a  Day,  fo  a  whole  Circle  is  to  a 
fourth ;  and  we  fhall  have  the  Mean  Anomaly 
pertaining  to  one  Day.  And  by  working  with 
the  like  Proportion  we  fhall  have  the  Mean  A- 
nomaly  for  an  Hour,  and  for  every  Minute  and 
Second.  And  if  we  add  the  Motion  for  one 
Year  continually  to  itfelf,  we  fhall  have  the 
Motion  in  two,  three  and  four  Years:  But  be- 
caufe  every  fourth  Year  is  BiJJextiley  and  confifts 
of  3 66  Days,  to  the  Morion  of  the  fourth  Year 
we  muft  add  the  Motion  of  one  Day;  then  by 
conftantly  adding  the  Morion  of  one  Year,  we 
fhall  have  the  Motion  of  five,  fix  and  leven 
Years.  But  the  Motion  of  the  Eighth  Year  is  to 
be  increafed  by  the  Motion  of  one  Day,  or  rather 
the  Motion  of  four  Years  is  to  be  doubled,  to 
have  the  Motion  of  Eight  Years  ;  becaufe  that 
Year  is  Bijfextile.  From  thefe  Motions  fa  col¬ 
lected  by  Addition,  we  muft  always  rejecft  the 
whole  Circles  or  360  Degrees,  for  after  a  Planet 
has  compleated  its  Circle,  it  returns  to  the  fame 
place.  By  this  Method  we  have  the  Mean  place 
of' the  Planets  to  20  Years;  and  if  the  Motion  of 
20  Years  be  conftantly  added  to  itfelf,  we  fhall  have 
the  Mean  place  for  40,  60,  80  and  100  Years;  and 
to  each  of  them  add  the  Motion  of  10  Years, 

and 
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and  we  have  the  Motions  and  places  for  30,  50,  70  Ledture 
and  90  Years.  And  by  the  continual  addition  of  the  XXVIJ 
Motions  of  100  Years,  rejecting  always  whole  ' 

Circles,  we  fhall  have  the  Motions  of  200,  300, 

400,  500,  0c.  Years,  even  to  1000:  And  proceed¬ 
ing  in  the  fame  way,  we  fliall  have  the  Motion 
of  2000,  3000,  4000  and  5000  Years,  and  fo  as 
far  as  you  will. 

THESE  Motions  being  in  this  way  computed,’ 
are  to  be  difpofed  in  Tables,  which  are  called 
Tables  of  the  Mean  Motion,  or  Mean  Anomaly 
when  they  are  numbered  from  the  Aphelion ,  and 
they  are  found  in  all  the  Ajlronomical  Tables  for 
each  Planet.  But  if  the  Mean  Motions  are  com¬ 
puted  from  the  Equinodtial  points,  inftead  of  the 
Periodical  Time,  you  mu  If  take  the  time  the 
Planet  revolves  in  the  Zpdiacl^  which  is  fome- 
what  lefs  than  the  Periodical  Time,  becaufe  of 
the  Pneceflion  of  the  Equinodties,  by  which  the 
Interfedtion  of  thofe  Points  meet  the  Planet.  If 
the  Aphelia  of  the  Planet  be  fuppofed  to  move, 
this  Motion  muft  be  confidered,  and  the  Motion 
of  the  Equinodties  and  of  the  Aphelia  ( which  for 
ought  we  know  are  equal,  but  in  the  Moon)  are 
like  wife  to  be  computed  and  difpofed  in  Ta¬ 
bles  for  Years,  Tens,  Hundreds,  and  Thoufands 
of  Years,  as  the  other  Mean  Motions  are;  that  for 
any  Time  we  may  have  the  places  and  dilfances  of 
the  Aphelia  from  the  Equinodfies. 

THE  Afironomers  have  fome  other  Tables 
which  give  the  true  Anomalie  anfwering  to  every 
Degree  of  Mean  Anomaly,  which  are  computed  by 
fome  of  the  Methods  delivered  above  in  the  former 
Lectures.  If  Minutes  and  Seconds  are  added  to 
the  Mean  Motions,  we  muft  take  the  difference  of 
the  True  Anomalies,  which  are  one  Degree  diftanc 
from  each  other,  and  by  proportioning,  we  muft  add 
that  part  which  is  to  be  added  to  the  Tabular  Ano¬ 
maly  which  is  next  lcaft,  or  is  to  be  fubftradted 
from  it,  if  it  be  next  greateft. 

FOR  the  Motions  of  the  Sun  and  Moon,  they 
Commonly  compute  the  Equations  or  Pr&fthaphtrefis, 
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which  are  the  differences  between  the  true  and  mean 
Anomaly  ;  and  they,  either  fubftradied  or  added 
to  the  mean  Anomaly,  as  the  Pianet  is  in  the  firft 
or  fecond  Semicircle  of  Anomaly,  give  the  True* 
HAVING  the  Places  of  the  aphelion  and 
Nodes ,  we  have  their  diftanee  from  each  other : 
And  therefore  having  the  True  Anomaly  of  the 
Planet,  we  have  its  diftanee  from  the  Node,  which 
Is  called  the  Argument  of  Latitude ,  by  which,  and 
an  eafy  Trigonometrical  Calculation,  we  can  find 
the  Centrical  Latitude  of  the  Planer,  and  its 
Curtate  diftanee  from  the  Sun,  which  is  the  di- 
ftance  from  the  Sun  to  that  point,  where  a  perpen¬ 
dicular  let  fall  from  the  Planet  meets  with  the 
Ecliptick.  And  thus  we  have  fhewed  how  to 
find  the  Centrical  place  and  Latitude  of  the  Pla¬ 
net,  and  its  Curtate  diftanee  from  the  Sun.  After 
thefe  are  found,  we  fhall  like  wife  be  able  to  find 
his  Geocentric 4  place,  or  where  he  will  be  feen 
from  the  Earth,  in  the  following  Method. 

FIND  fir  ft  the  Planet’s  Heliocentrick  place 
and  Curtate  diftanee  from  the  Sun,  as  alfo  the 
Earth’s  place  and  diftanee  from  the  fame.  Let 
jT  C  F  be  the  Orbit  of  the  Earth,  in  which  the 
Earth  is  in  T ;  APE  the  Orbit  of  the  Planet,  and 
its  placeP,  the  Sun  S,»SN  the  Line  of  Nodes.  From 
the  place  of  the  Planet  let  fall  on  the  Plane  of 
the  Ecliptick  the  right  Line  P  B  ;  draw  S  B  and 
produce  it  till  it  meet  with  the  Ecliptick  in  the 
Planet’s  place  reduced  to  the  Ecliptick,  which 
place  is  found  by  the  Arch  PN  and  the  In¬ 
clination  of  the  Orbit  to  the  Plane  of  the  Eclip¬ 
tick,  which  are  known  :  But  we  have  the  place  of 
the  Earth  feen  from  the  Sun  ;  and  therefore  we 
have  the  diftanee  between  them,  or  the  Angle 
TSB,  which  is  called  the  Angle  of  Commutation . 
Then  in  the  Triangle  STB,  we  have  S  T  the 
diftanee  of  the  Earth  from  the  Sun,  and  SB  the 
Curtate  diftanee  of  the  Planet ;  wherefore  we  fhall 
find  the  Angle  STB  the  Elongation  of  the  Pla¬ 
net  from  the  Sun,  or  the  Arch  of  the  Ecliptick 
intercepted  between  the  Sun’s  place  and  the 
"  ~  I  /  .  Planet’s 
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Planet’s  place  reduced  to  the  Ecliprick ;  as  alfo  Le&ure 
T  B,  the  curtate  diftance  of  the  Planer  from  XXVI. 
the  Earth.  But  the  place  of  the  Sun  is  given, 
for  it  is  oppofite  to  the  place  of  the  Earth  feen  Hov>  to 
from  the  Sun;  Wherefore  alfo  we  fhall  h2.vecomPutJ  *J>e 
the  place  of  the  Planet  in  the  Ecliptick  as  i w  t’ntricii 
is  feen  from  the  Earth.  Moreover,  in  the  two  place. 
Triangles  PSB  and  TPB  that  are  rectangular  , 
at  B,  the  Tangent  of  the  Angle  PSB  is  to  the  fig,  I# 
Tangent  of  the  Angle  P  T  B,  as  T  B  is  to  S  B: 

But  as  T  B  is  to  S  B,  fo  is  the  Sine  of  T  S  B 
the  Sine  of  the  Commutation,  to  the  Sine  of 
the  Elongation  STB.  Wherefore  fay  as  the 
Sine  of  the  Commutation  is  to  the  Sine  of  the 
Elongation,  fo  is  the  Tangent  of  the  Heliocen- 
trick  Latitude  to  the  Tangent  of  the  Geocen- 
trick  Latitude,  which  was  to  be  found.  And  by 
thefe  means  the  Aftrodomers  are  able  to  find,  for 
any  inftant  of  Time,  th,e  Geocentrick  place  and 
Latitude  of  any  Planer. 

COMPARING  the  diftances  of  the  Pla-  The  Ja¬ 
nets  from  the  Sun  with  the  Times  of  the  Pe- 
riods  round  him,  we  find  that  they  all  obferve  Periods  and 
a  wonderful  regular  and  elegant  Harmony  and 
Law,  vi%. 

THE  fquares  of  the  Periodical  Titties  are  in 
all  of  them  -proportional  to  the  Cubes  of  their  mean 
dijlances  from  the  Sun .  Now  their  Periods  and 
mean  diftances  are  thefe,  which  we  here  give  in 
the  following  Table. 
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Tecfture  Planets*  by  comparing  them  with  that  of  thd 
XXVI.  Sun,  in  his  Saturnian  Syftem,  which  he  did  by 
xj  the  following  Method. 

COPE^NICVS  by  his  New  and  divinely 
invented  Syftem,  has  (hewed  us  how  to  find  out 
the  diftance  of  each  Planet  from  the  Sun,  in 
proportion  to  the  Earth’s  diftance  from  the  fame : 
But  their  apparent  Diameters,  and  how  much 
fome  are  bigger  than  others,  has  been  difcove- 
red  by  the  help  of  the  Telefcope.  For  by  com¬ 
paring  the  proportions  of  their  diftances  and 
apparent  Magnitudes,  the  proportion  of  their  true 
bignefs  to  that  of  the  Sun  wiil  eafily  be  found, 
by  the  Principles  we  have  layed  down  in  our 
firft  Leciure . 

The  Dia-  A  S  for  Saturn ,  the  Diameter  of  his  Ring,  when 

Magnitudes  *s  neare&  t0  us,  fubtends  an  Angle  of  ,68 
of  the  pia*  Seconds :  And  becaule  this  leaft  diftance  of  Sa~ 
Ted  e^ima’ turn  is  near  eight  times  the  mean  diftance  of 
the  Sun  from  us.  It  follows,  that  if  Saturn  were 
as  near  us  as  the  Sun  is,  the  Diameter  of  the  " 
Ring  would  appear  eight  times  bigger  than  now 
it  does,  that  is,  it  would  be  9'.  4".  But  the 
Diameter  of  the  Sun  in  his  mean  diftance  is 
30'.  30",  Therefore  the  proportion  of  the  Dia¬ 
meter  of  the  Ring  to  the  Diameter  of  the  Sun, 
is  that  of  9',  4".  to  30'.  30"$  which  is  near  the 
proportion  of  1 1  to  37.  But  the  Diameter  of 
Saturn  s  body  is  to  the  Diameter  of  the  Ring 
as  4  to  9 ;  that  is  nearly  as  5  to  1 1  :  And  there¬ 
fore  it  is  to  the  Diameter  of  the  Sun  as  5  to  37. 

JVPITEI^’s  Diameter,  when  he  is  next 
to  us,  is  64  Seconds ;  and  then  his  diftance  is  to 
the  mean  diftance  of  the  Sun  as  26  to  5  3  fay 
as  5  is  to  2 6,  fo  is  64  Seconds  to  a  fourth, 

1  which  wilL  be  5'.  35^3  which  is  the  bignefs  of 
the  Angle  that  Jupiter's  Diameter  would  fubtend, 
were  he  as  near  as  the  Sun  is :  But  the  Sun  is 
feen  under  an  Angle  of  30'.  30".  Therefore  the 
proportion  of  Jupiter's  Diameter  to  that  of  the 
Sun  is  as  5'.  35"  to  30'.  30"  3  that  is  a  little  more 
l|an  1  to  5h 

sr /  '  /  ;  *  ’  FEN%is; 


L  E  C  T  V  R  E  S.  34$ 

V  E  N  V  S,  when  ftie  is  neareft  the  Earth,  Lecture 
fubtends  an  Angle  of  85  Seconds;  and  then  her  XXVI. 
Perigceon  diftance  is  to  the  mean  diftance  of  the 
Sun  nearly,  as  21  is  to  82:  And  therefore  if  Ve¬ 
nus  were  removed  to  the  diftance  of  the  Sun, 
her  Diameter  would  be  only  21".  4 6'":  And 
therefore  we  know  that  the  Diameter  of  Venus 
is  to  that  of  the  Sun  as  21".  4 6"'  to  30  V;  that 
is  as  1  to  84. 

BUT  the  Diameter  of  Mars,  when  neareft: 
to  the  Earth ,  is  not  greater  than  30'':  And  there¬ 
fore  fince  the  leaft  diftance  of  Mars  is  to  the 
Sun’s  mean  diftance  as  15  to  41  ;  the  proportion 
of  Mars' s  Diameter  will  be  to  the  Sun’s  Dia¬ 
meter  as  1  is  to  166  :  Therefore  Mars  is  but 
half  the  bignefs  of  Venus  in  its  Diameter.  He - 
veli us  by  Obfervations  found  that  Mercury's  Di¬ 
ameter  was  to  that  of  the  Sun  as  1  is  to  290. 

THE  Magnitude  of  the  Earth  in  compari- 
fon  of  that  of  the  Sun  is  varioufly  eftimated  by 
the  Aftronomers  :  They  who  fuppofe  the  horizon¬ 
tal  Parallax  of  the  Sun  to  be  1  5  Seconds,  muft 
make  the  diftance  of  the  Sun  from  us  to  be  but 
13 75°  Semidiameters  of  the  Earth  ;  and  the  Di¬ 
ameter  of  the  Earth  will  be  to  the  Diameter  of 
the  Sun  as  1  to  61  :  But  we  have  a  probable 
Argument  which  proves  the  Difproportion  or  In<- 
equality  greater.  For  becaufe  the  Diameter  of 
the  Moon  is  fomewhac  more  than  a  fourth  part 
of  the  Diameter  of  the  Earth ;  if  the  Parallax  of 
the  Sun  were  15  Seconds,  then  the  body  of  the 
Moon  would  be  greater  than  that  of  Mercury ; 
but  it  feems  incongruous,  that  a  fecondary  Pla¬ 
net  fliould  be  greater  than  a  primary  Planet. 

Let  us  fuppofe  therefore  that  the  Semidiameter 
of  the  Earth  feen  from  the  Sun  be  n  Se¬ 
conds,  as  it  was  lately  collected  from  the  Pa¬ 
rallax  of  Mars,  obferved  by  Dr.  Halley  and  Mr. 

Pound :  And  then  the  Earth’s  diftance  will  be 
nearly  20000  Semidiameters  of  the  Earth,  and 
the  Moon  will  be  lefs  than  Mercury.  '  And  the 
Proportion  of  the  Diameter  of  the  Earth  to  the 
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Lecture  Sun  will  be  that  of  i  to  83  ;  to  which  Proportion 
XXVI.  we  may  give  our  Aflent,  ’rill  by  an  Obfervatior* 
of  Venus  in  the  Sun’s  Body,  which  will  happen  in 
1761,  we  may  be  made  more  certain  of  the 
Sun’s  Parallax.  Therefore  the  Diameter  of  the 
Sun  is  to  the  Planet’s  Diameters,  nearly  in  the 
proportions  reprefented  in  the  following  Table. 
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HENCE  it  follows,  that  the  Sun  is  a  hun¬ 
dred  and  fixteen  times  bigger  than  all  the  Pla¬ 
nets  pftt  together.  Saturn  is  400  times  lefs  than 
the  Sun:  But  for  quantity  of  Matter  it  is  2400  times 
lefs  than  the  Matter  of  the  Sun.  ‘Jupiter,  the 
biggeft  of  all  the  Planets,  is  160  times  lefs 
than  the  Sun $  and  his  Matter  that  compofes  his 
Body  is  1033  times  lefs  than  the  Matter  of  the 
Sun.  But  our  Earth,  if  it  be  compared  with 
the  Sun,  is  but  of  a  very  frnall  Magnitude,  and 
not  bigger  than  a  Phyflcai  Pointy  for  it  is  500000 
times  lefs  than  it.  ;  Belides,  comparing  the  Pla¬ 
nets  with  one  another,  we  find  that  Jupiter  is 
bigger  than  ail  the  reft  of  the  Planets  put  to¬ 
gether  5  and  that  he  is  above  2oqc  times  bigger 
than  the  Earth  ;  but  Venus  is  of  the  fame  bignefs 
with  the  Earth.  And  yet  there  are  two  of  the  fix 
Planets,  zi%.  Mercury  and  Mars  lefs  than  the  Earth* , 
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LECTURE  XXVII. 

$ 

Of  the  Stations  of  the  Planets. 


F  the  Earth  were  at  reft,  and  the  ./M  2fe~ 
Planets  alone  turned  round  the  Sun,  ^Itftatiol 
an  inferiaur  Planet  would  feem  to  nary  when  it 
be  ftationary,  in  that  point  of  its  £•”/ 
Orbit,  where  a  Line  drawn  from  touching  its 
the  Earth  touched  the  Orbit ;  for  orbiu 
when  the  Planer  is  near  that  point,  if  the 
Earth  ftood  (till,  it  would  diredtly  approach  the 
Earth,  and  would  have  no  vifible  Motion,  or  at 
leaft  its  vifible  Motion  would  be  the  leaft.of  all. 

In  like  manner,  if  a  fuperiour  Planet  were  at 
reft,  when  it  is  viewed  from  the  Earth,  it  would 
appear  to  ftand  in  that  part  of  its  Orbit,  where 
a  Line  drawn  from  the  Planet  touches  the  Earth’s 
Orbit.  But  becaufe  both  the  Earth  and  Planets 
move  round  the  Sun,  when  an  inferiour  Planet 
is  in  the  forementioned  Tangent,  then  the  Mo¬ 
tion  of  the  Earth  will  make  the  Ptanet  appear 
to  change  its  place,  and  the  Planet  will  not  be 
come  to  its  apparent  Station.  And  upon  the 
fame  account,  when  the  Earth  is  in  the  Line 
which  touches  its  Orbit  and  pafte-s  to  a  Planer, 
the  proper  Motion  of  the  fuperior  Planet  will  t  . 
change  its  vifible  place..  And  therefore  it  hap  -  [fnw  * 
pens,  that  neither  an  inferior  Planet  feems  to  ftationary 
reft,  when  it  and  the  Earth  are  in  a  Line  which  f 

touches  its  Orbit;  nor  is  a  fuperior  Planet  fta  -  Lin  crouch - 
tionary,  when  the  Earth  and  it  are  in  a  Line  the 
touching  the  Orbit  of  the  Earth.  f£tb's  c';' 
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BUT  lince  all  the  Planets  do  fometinies  ap¬ 
pear  to  move  forward,  and  afterwards  to  return 
backwards;  between  the  progreftive  Motion  and 
the  regrelftve,  there  will  be  fome  point.  Where 
it  will  appear  to  ftand  and  continue  in  the  fame 
Situation  in  the  Heavens.  Now  it  feems  to 
keep  the  fame  Station  in  the  Heavens,  when 
the  Line  that  joins  the  Earth  and  Planet’s  Cen¬ 
ter  is  conftantly  directed  to  the  fame  point  in 
the  Heavens;  that  is  when  it  keeps  parallel  to 
itfelf :  For  all  Right  Lines  drawn  from  whatever 
point  of  the  Earth’s  Orbit  parallel  to  one  ano¬ 
ther,  do  all  point  to  the  lame  Star;  becaufe 
the  diftance  of  thefe  Lines  is  not  fenlible  in 
comparifon  of  the  great  diftance  of  the  Fixed 
Stars. 


THEREFORE  to  find  out  the  points  of 
Station,  we  muft  inquire  the  polition  of  the 
Line,  which  joyning  the  Earth  and  Planet,  keeps 
parallel  to  itfelf:  For  which  purpofe  we  muft 
obferve,  that  if  the  Centers  of  the  Sun,  Earth 
and  Planet  be  joined  by  Right  Lines,  they 
will  form  a  Triangle,  whofe  two  lides  drawn 
from  the  Sun  are  always  equal  to  the  diftances 
of  the  Earth  and  Planet  from  the  Sun ;  and  the 
Bafe  is  a  Right  Line  joining  the  Earth  and  Pla¬ 
net  :  And  becaufe  the  lides  of  this  Triangle,  in 
circular  *concentrick  Orbits,  do  keep  always  the 
fame  Magnitude,  the  proportion  of  the  Sines  of 
the  Angles  at  the  Bafe  will  be  conftantly  the 
fame :  for  the  Sines  are  as  the  oppolite  lides* 
table XVI.  LET  the  Circle  BDG  be  the  Orbit  of  the 
tig.  i.  planet,  and  A  H  K  the  Orbit  of  the  Earth  con- 
centrical  to  it.  And  let  us  fuppofe  the  Earth 
in  A,  the  Planet  in  B,  and  the  Sun  in  the  Cen¬ 
ter  S.  In  the  Triangle  A  S  B,  the  Sines  of  the 
Angles  A  and  B  at  the  Bafe,  are  as  the  oppo¬ 
lite  lides  SB,  S  A. 

LET  us  fuppofe  then  that  in  a  fmall  Par-" 
tide  of  Time,  the  Earth  is  moved  thro*  the 
fmall  Arch  A  C,  and  the  Planet  at  the  fame  time 
thro*  the  Arch  of  its  Orbit  £  £) ;  their  angular 

Mo- 
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Motions  at  the  Sun  made  in  the  fame  or  equal  Ledhire 
Times,  are  reciprocally  as  their  Periodical  Times  ;  XXVIL 
for  how  much  the  greater  is  the  Periodical  Time, 
fo  much  lefs  is  the  Angle  it  defcribes  round  the 
Sun  in  any  given  Time.  Therefore  the  Angle 
A  SC  the  angular  Motion  of  the  Earth,  is  to 
the  Angle  BSD  the  angular  Motion  of  the  Pla¬ 
net,  as  the  Periodical  Time  of  the  Planet  is  to 
the  Periodical  Time  of  the  Earth ;  that  is  the 
angular  Morions  in  the  fame  time  arc  in  av  con- 
ftant  Proportion. 

LET  the  Center  of  the  Earth  in  C  and  of 
the  Planet  in  D  be  joined  by  the  Line  C  D, 
which  is  parallel  to  the  former  Line  A  B :  And 
in  that  Cafe,  as  we  have  (hewed,  the  Planet  will 
appear  ftationary.  Let  S  A  cut  C  D  in  M,  and 
SD  produced  cut  AB  in  E :  And  becaufe  AB 
and  C  D  are  parallel,  by  the  29 th  of  El.  I,  the 
Angle  S  M  D  will  be  equal  to  the  Angle  A ; 
but  by  the  32 d  of  the  firft  El.  the  Angle  S  M  D 
is  equal  to  the  Angles  C  and  M  S  C  5  wherefore 
the  Angle  C  is  equal  to  the  Angle  A,  bating 
the  Angle  M  S  C  or  C  S  A.  Likewife  becaufe 
of  the  Parallels  A  B  and  C  D,  the  Angle  S  D  C 
is  equal  to  the  Angle  SEA,  which  is  equal  to 
the  Angles  S  B  A  and  BSE;  wherefore  that  An¬ 
gle  is  equal  to  the  Sum  of  the  two  Angles  SB  A 
and  BSE.  Therefore  the  momentanous  Increafe 
of  the  Angle  S  B  A  is  equal  to  the  angular  Mo¬ 
tion  of  the  Planet  at  the  Sun.  And  before  it 
was  (hewed  that  the  Decrement  of  the  Angle 
A  was  equal  to  the  Angle  A  S  C,  or  to  the  an¬ 
gular  Motion  of  the  Earth  ;  but  thefe  angular 
Motions  are  conftantly  in  a  given  Proportion, 
which  is  reciprocal  to  their  Periodical  Times. 

A  Planet  therefore  appears  ftatiopary  when  the 
momentanous  Change  of  the  Angle  at  the  Earth, 
is  to  the  momentanous  Change  of  the  Angle  at 
the  Planet,  as  the  Periodical  Time  of  the  Planet 
is  to  the  Periodical  Time  of  the  Earth. 

LET  there  be  two  Arches  or  Angles  whofe  Table  xvl 
Sines  are  to  one  another  in  a  conftant  Propor-  tlg* 2* 

tion. 
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Lecture  tion.  I  fay  that  their  Cofines  or  the  Sines  of  the 

XXVII.  Complements  of  thefe  Arches,  are  in  a  propor- 

junrs;  tion  compounded  of  the  diredt  Proportion  of  the 
Sines  of  thefe  Arches,  and  a  reciprocal  propor¬ 
tion  of  the  momentanous  Changes  of  the  Arches 
or  Angles.  For  Example,  Suppofe  the  two  Arches 
A  M  and  C  M,  whofe  Sines  are  A  B  and  C  D, 
and  their  Cofiues  S  B,  S  D.  Let  the  Arches  A  M 
and  C  M  decreafe  into  E  M  and  G  M  ;  fo  that 
the  Sines  E  K,  G  L  may  be  proportional  to  the 
former  A  B  and  C  D.  Let  A  E  and  C  G  be 
the  Decrements  of  the  Arches,  which  being  in¬ 
finitely  fmall  may  be  taken  for  Right  Lines. 
Draw  F  B  and  G  H  parallel  to  SM;  the  Tri¬ 
angles  A  F  E  and  A  S  B  are  equiangular  *  For 
the  Angles  B  and  A  F  E  are  both  right,  and 
the  Angie  E  A  F  is  equal  to  the  Angle  A  S  B, 
the  Angle  SAB  being  the  Complement  of  both 
to  a  Right-Angle.  After  the  fame  way  it  may 
be  proved  that  the  Triangles  CHG  and  CSD 
are  equiangular.  Therefore  C  G  :  C  H  : :  C  S  : 
S  D ;  And  AF:AE::SB:ASorCS:  Where¬ 
fore  multiplying  the  Antecedents  together  and 
the  Confequents  together,  we  have  the  Propor¬ 
tion  CGXAF:CHxAE::CSxSB:  SD 
X  AS  or  CS  xSD  :  :  that  is  S  B  is  to  S  D 
in  a  proportion  compounded  of  A  F  to  CH,  and 
of  C  G  to  A  E.  But  the  Ratio  of  A  F  to  CH 
is  the  fame  with  the  Ratio  of  the  Sines  A  B  and 
CD;  and  the  Ratio  of  C  G  to  A  E  is  the  Ra¬ 
tio  of  the  momentary  Decrements  of  the  Arches 
C  M  and  A  M.  Therefore  S  B  the  Co-fine  of 
the  Arch  A  M,  is  to  S  D  the  Cofine  of  the  Arch 
CM,  in  a  proportion  compounded  of  the  diredfc 
proportion  of  the  Sines  of  thefe  Arches,  and  a 
reciprocal  proportion  of  the  inftantaneous  Decre¬ 
ments  of  the  Arches,  that  is  of  C  G  to  A  E. 

H  E  N  C  E  if  the  Centers  of  the  Sun,  of  the 
Earth,  and  of  a  Planet  that  is  ftationary  be  join¬ 
ed  with  Lines,  the  Cofine  of  the  Angle  at  the 
Earth  will  be  to  the  Cofine  of  the  Angle  at  the 
Flatiet,  ia  a  proportion  compofed  of  the  Sines  of 

the 
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the  Angies  A  and  B,  and  a  reciprocal  propor-  Letfture 
tion  of  the  momentary  Decreafe  of  thofe  Angles  XXVIE. 
A  and  B.  But  the  proportion  of  the  Sines  is 
the  fame  with  the  proportion  of  the  diftances 
of  the  Earth  and  Planet  from  the  Sun ;  and 
the  Ratio  of  the  momentary  Decreafe  of  the  An** 
gles  A  and  B,  is  the  proportion  of  the  Periodi¬ 
cal  Times  of  the  Planet  and  the  Earth,  as  has 
been  proved.  Let  the  Periodical  Times  be  called 
t  and  T ;  and  then  the  Cofine  of  the  Angle  A 
will  be  to  the  Cofine  of  the  Angle  B,  when  the 
Planet  is  ftationary,  as  T  X  $  B  is  to  *  X  S  A  ; 
that  is,  the  Cofine  of  the  Angle  at  the  Earth  is 

to  the  Cofine  of  the  Angle  at  the  Planet  in  a 

proportion  compounded  of  the  Periodical  Times 
dire&ly,  and  a  reciprocal  proportion  of  the  di¬ 
ftances  from  the  Sun.  Hence  the  points  of  Sta¬ 
tions  are  eafily  determined  by  the  following 
Conftrucftion. 

LET  A  H  be  a  portion  of  the  Orbit  of  the  Table  XVI4 
Earth,  GBK  a  portion  of  the  Planet’s  Orbit,  fl2*  3* 
and  let  the  Sun  S  be  in  the  Center  of  both 

Orbits.  Cut  S  A  in  E,  fo  that  S  A  may  be  to 

S  E  as  the  Periodical  Time  of  the  Earth  is  to 
the  Periodical  Time  of  the  Planet.  Upon  the 
Diameter  A  E  deferibe  a  Semicircle  cutting  the 
Orb  of  the  Planet  in  B,  the  Angle  SAB  will 
be  the  Elongation  of  the  Planet  from  the  Sun, 
when  it  appears  ftationary.  Draw  the  Lines 
A  B  F,  E  B,  and  S  F  parallel  to  E  B,  and  the  An¬ 
gle  ABE,  in  a  Semicircle,  is  a  Right-Angle: 

And  therefore  ASF  parallel  to  it  muft  be  right 
likewife.  Moreover  A  S  :  A  F  :  :  Rad.  Cofine  of 
A  ;  and  alfo  B  F  :  S  B  :  :  Cofine  S  B  F  :  Rad. 
Therefore  multiplying  the  Antecedents  together 
and  the  Confequents  together,  we  fiiall  have  AS 
X  B  F  :  A  F  X  S  B  :  :  as  the  Cofine  of  S  B  F  is  ro 
the  Cofine  of  the  Angle  A.  Therefore  the  Ra¬ 
tio  of  the  Cofine  of  the  Angle  A  to  the  Cofine 
of  the  Angle  S  B  F,  is  compounded  of  the  Ratio 
of  A  F  to  B  F  and  of  S  B  to  A  S.  But  the  Ratio  of 
A  F<  to  JB  F  is  equal  to  the  Ratio  of  A  S  to  SE, 

©r 
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Lecture  dr  of  T  to  t .  Therefore  the  fytfto  of  the  Cofine 
XXVII.  of  the  Angle  A  to  the  Cofine  of  the  Angle  S  B  F? 

is  compounded  of  the  Ratio  of  T  to  ty  and  of 
SB  to  S  A.  But  it  was  (hewed  that  when  the 
Cofines  of  the  Angles  had  this  proportion,  then 
the  Planet  would  be  ftationary.  Therefore  it  is 
evident,  that  when  the  Planet  is  in  B  and  the 
Earth  at  A,  the  Planet  will  appear  to  be  ftationary. 

HENCE  we  fee  that  when  an  inferior  Pla¬ 
net  is  feen  from  the  Earth  to  be  ftationary, 
the  Earth  alfo  viewed  from  the  inferior  will 
likewife  appear  to  be  ftationary,  and  will  feem 
to  remain  in  the  fame  place.  For  the  Earth  is 
feen  ftationary,  when  the  Line  that  joins  the 
Centers  of  the  Planet  and  Earth  keeps  parallel 
to  itfelf  -  and  fo  long  as  this  Line  keeps  a  Pa¬ 
rallel!  fm,  it  will  always  be  directed  to  the  fame 
point  in  the  Heavens. 

B  Y  the  fame  Method  we  find  the  Pofitions 
of  the  other  fuperior  Planets  in  refpedl  of  the 
Earth  and  Sun,  when  they  are  to  be  obferved 
by  us  to  be  ftationary,  by  inquiring  where 
the  Earth,  confidered  as  an  inferior  Planet,  will 
appear  ftationary,  feen  from  a  fuperior  Planet. 

I  F  the  Periodical  Times  were  proportional 
to  the  diftances  from  the  Sun,  the  Points  E  and 
B  would  coincide  with  G,  and  the  Planet  would 
be  ftationary  when  the  Angle  A  was  nothing; 
that  is  when  the  inferior  Planet  was  in  Conjun¬ 
ction  with  the  Sun :  But  if  S  E  bore  a  greater 
proportion  to  S  A  than  S  G  did  to  S  A,  the  Cir¬ 
cle  ABE  could  cut  the  Planet’s  Orb  in  no  point 
at  all ;  and  the  Planet  could  no  where  be  fta¬ 
tionary,  but  would  appear  conftantly  to  move 
diredlly  forward  :  But  neither  of  thefe  Cafes  ob¬ 
tain  place  in  the  Planets ;  for  S  E  is  always 
lefs  than  S  G  or  SB,  which  I  thus  demon- 
ftrate. 

CALL  the  diftance  of  the  Earth  from  the 
Sun  p,  the  diftance  of  the  Planet  S  G  or  SB 
cal!  q ,  the  Periodica!  Times  T  and  t.  A:nd  by 
the  univerfal  Law  above  explained  and  obfer- 

§  yeti 
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Vcd  in  all  the  Planets,  we  have  T1 :  ** : :  pi :  q 3, 

A  JL  L. 

and  T  :  t :  r  p*  :  :  :  p  X  p1  :  q  X  £ 2  ;  but  as 

T  is  to  fo  is  S' A  :SE  :  :/>:  S  E.  Say  there- 

i 

A  1  ■  q  X  <7t 

fore  as  p  X  A1  •  2  X  4V  : :  p  to - ; —  ;  which 

.  .  r 

which  is  therefore  equal  to  S  E :  And  becaufe 

i 

is  greater  than  q  ;  therefore  ^  X  pr  is  greater 

i  i 

than  q  X  j  and  dividing  all  by  we  have 

?Xf 


?  greater  than 


or  than  S  E.  And  there¬ 


fore  fince  SB  or  S  G  is  greater  than  S  E,  the 
Circle  upon  the  Diameter  A  E  will  cut  the  Or¬ 
bit  of  the  Planet :  And  therefore  we  on  the 
Earth,  in  fome  certain  Pofitions,  may  fee  each 
of  the  Planets  ftationary. 

I F  you  defire  to  ufe  a  Calulation,  the  An¬ 
gle  at  the  Earth  or  the  Elongation  of  the  Pla¬ 
net  frcm  the  Sun  is  defined  in  this  manner.  Let 
the  Radius  be  and  the  Sine  of  the  Angle  at 
the  Earth  q  x  ;  the  Sine  of  the  Angle  at  the  Pla¬ 
net  will  be  p  x7  fuppoling  that  70  is  to  q  in  the 
proportion  of  the  Earth  and  Planet’s  diftances  from 
the  Sun:  And  becaufe  the  Sine  of  the  Angie  at 


the  Earth  is  q  x,  its  Cofine  is  V — -  qz  xz ;  and  the 
Cofine  of  the  Angle  at  the  Planet  will  be  V%t—p2x't : 

And  therefore  ■ —  qz  xz :  V \z  —  pz  xz : :  T  x  q 

zty(p:  And  fquaring  the  Terms  of  the  Ana¬ 
logy  —  qz  xx  :  sf  —  pzxz: :  T2  X  q* :  tz  X  p*  ; 
but  T2  :  tz  ::  pi :  q*  :  Wherefore  inltead  of  T* 
and  tz  put  pi  and  qif  which  are  proportional  to 
them,  and  we  (hall  have  —  qz  xz  :  ^z  —  pz  xz  : : 
pi  X  q*  *  q3  X  pz  *  *  p  ‘  q  *  And  therefore  we  have 
the  Equation  q  %z  —  qi  xx  =  p  ^  —  pi  and 

pi  x2  —  q*  ~  K2  X  p  —  q and  x  ==  %  X  —  —  ■  -- 

yp3  -  q* 

and 


Led;  u  re 
XX  VII, 

u 


r 
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Ledure  and  q  x  the  Sine  of  the  Anglo  at  the  Earth 
XXVII. 


— - which  is  equal  to - 


V ^>3  —  q*  V ^  -i-  qz 

therefore  the  fquare  of  the  Coline  of  this  Angle 

ft  _  tV%  4 - 1?  g 


is  %  — 


f  4"  ?  ?  i  ‘  f  -vm  -i-  £ 


i  j 


and 


therefore  the  Coline  is  ^  X 


The 


Coline  is  therefore  to  the  Sine  as  ^  X 


V f  -1-  T  q 

—  Ml  ■■  I  L  ligj 

vy-i-Tf 


to 


-  as  V/r  -f-  ^  q  is  to  q.  But  as 


-1-  f 

the  Coline  is  to  the  Sine,  fo  is  the  Radius  to 


the  Tangent  $  therefore  fay  as  tpz  -\-p  q  is  to  <7, 
K*1 

fo  %  is  to  — v  which  is  the  Tangent  of  the 

ff  —h  p  q 

Angle  at  the  Earth :  And  by  this  Analogy  the 
Angle  is  ealily  found.  For  if  half  the  Sum  of 
the  Logarithms  of  p  and  p  A-  q  be  fubftradted 
from  the  Logarithm  of  q,  there  will  remain  the 
Logarithmick  Tangent  of  the  Angle  at  the 
Earth.  From  this  value  of  the  Tangent  we  have 
the  following  Geometrical  Confirmation,  which 
Table  xvi.  determines  the  Angle.  Let  H  AQ  be  a  portion 
frg.  4-  of  the  Earth’s  Orbit,  G  B  D  the  Orbit  of  the 
inferior  Planer,  and^  the  Sun  in  S  the  common 
Center  of  the  Orbits.  Produce  A  S  till  it  meets 
with  the  inferior  Orbit  in  D  5  upon  the  Diame¬ 
ter  A  D  defcribe  the  Semicircle  A  C  D,  and  at 
S  eredt  upon  A  D  the  Perpendicular  S  C  cutting 
the  Semicircle  in  C  5  join  A  C,  in  which  take 
A  F  ~  S  D  $  and  from  F  upon  A  S  let  fall  the 
Perpendicular  F  E  ;  in  SC  take  S  L  rr  A  E,  and 
draw  A  L  :  Then  SAL  will  be  the  Angle  requi¬ 
red  ;  and  B,  where  A  L  cuts  the  inferior  Orbit, 

. .  will 
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ill  Be  the  point  of  the  Station  :  For  the  fquare  Le&urej 
iof  S  C  is  equal  to  the  Rectangle  A  S  D  -p  q,  XXVIIJ 
and  A  C  fquare  —  A  S  fquare  4-  SC  fquare 
rr  -1-  p  q  .*  But  AC.vAF  : :  AS;  A  E  :  :  AS: 

S  L  :  :  The  Radius :  Tangent  of  the  Angle  S  AL* 

’•  ■  » ■  " 1  ,■  •—  j  !?  4  1  '  > 

that  is  Vpz  -4-  p  %  :  q  :  :  V  ~~7~ _ — which  is 

#  . .  i  y  pz  -l-  p  q  ,  • 

therefore  the  Tangent  of  the  Angle .  required. 

THESE  Calculations  and  Conftfudtions  would 
fufficiently  determine  the  points  of  Station,  If  the 
Planets  OrbitS  Were  concentrical  Circles :  But 
fince  they  are  Eccentrick  arid  EUipfes,  bqth  the 
Angles  at,  thd  Suri  arid  Planet  will  be  differenc 
and  changeable,  according  to  the  different  places 
of  the  Planets  in  their  Orbits,  at  the  points  of 
Statidn.  Arid  therefore  becaufe  in  this  Cafe,  ac- 
voiding  to  the  infinite  Varieties  of  pofition.  of 
the  Earth  and  Planets  in  their  Orbits,  there  will 
be  likewife  an  infinite  variety  of  Angles,  they 
cannot  be  defined  by  any  Algebraical  Equation  ° 
neither  can  the  Problem  be  uriiverfally  conftru&ed 
by  any  Algebraick  Curve  of  any  kind,  altho* 
fdrrie  Mathematiciaris  have  undertaken  to  do  irj 
Yet  if  we  have  the  pofition  of  a  Planet  in  its 
proper  Orbit,  we  may  find  the  pofition  of  the 
Earth  in  its  Orbit,  from  whence  the  Planet  in 
that  point  will  appear  ftationary. 

FOR  this  is  a  determined  Problem,  and  ad¬ 
mits  of  two  Anfwers,  for  the  two  Roots  of  the 
Equation  that  involves  the  nature  of  the  Problem . 

The  moft  induftrious  Dr.  Hatley,  hath  communi¬ 
cated  to  me  the  following  Solution  of  this  Pro¬ 
blem ;  for  the  underftanding  of  which  we  give 
the  following  Lemma. 

"WHATEVER  the  foirn  of  the  Earth  and 
Planet’s  Orbits  may  be,'  if  from  their  places  in 
the  times  of  Station  there  be  drawn  Tangents 
to  the  Orbits,  and  produced  ’till  they  meet;  the 
portions  of  thofe  Tangents  intercepted  by  their 
inutual  concourfe,  are  proportional  to  the  abfe- 
lute  Velocities  of  the  Earth  and  Planets. 
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Ledfcure  LET  F  G  and  A  H  be  two  portions  of  the 
XXVII.  Orbits  which  the  Earth  and  Planet  defcribe ; 

A  B  and  C  D  two  infinitely  fmall  portions  of 
them,  defcribed  in  the  fame  time,  when  the  PJa- 
^VI’  net  *s  ftationary  *  Draw  the  Lines  C  E  and  A  E 
touching  the  Orbits  and  meeting  in  E.  And  be- 
xaufe  the  Planet  is  ftationary,  B  D  and  A  C  will 
be  parallel :  And  therefore  by  the  id  Prop.  EL 
[VI.  C  D :  A  B : :  C  E :  A  E.  But  C  D  and  AB,  fince 
they  are  Portions  of  the  Orbits  defcribed  in  the 
fame  time,  are  as  the  Velocities  of  the  Earth  and 
Planet :  Therefore  the  Tangents  C  E  and  A  E, 
are  as  the  Velocities.  This  Theorem  is  Mr.  John 
Bernoulli's,  and  is  Publiflied  in  the  Berline  Adis, 
and  flows  immediately  from  the  Parallelifm  of  the 
Lines  AC,  BD:  But  Mr.  Bernoulli  has  not  given 
us  from  thence  any  Solution  of  the  Problem* 
Dr.  Halley's  Solution  is  this. 


PROBLEM. 

t  ^  t  4  ^ 

To  Jind  the  Place  of  the  Earth ,  from  which 
a  Placet  feen  in  a  given  Point  of  its 
Orbit  would  appear  Stationary . 

SUPPOSE  the  Sun  at  S,  nKLA  the  Orbit 
of  the  Earth,  which  we  may  here  fuppofe.to  be 
Circular,  ttY &  the  Orbit  of  the  Planet,  P  its 
given  place.  Draw  V  P  Q  touching  the  Orbit  in 
P,  and  interfering  the  Orbit  of  the  Earth  in  V 
and  o.,  Bifedl  VQ.  in  R,  and  on  it  eredl  the  Per¬ 
pendicular  PB,  which  may  be  to  V  R  or  R  Q,  as 
the  Velocity  of  the  Planet  is  to  the  Velocity  of 
the  Earth:  At  the  Center  R,  upon  the  Diameter 
jV  Q,  defcribe  the  Semicircle'  V  h  dQ^to  which 
draw  the  Tangents  B  b ,  B  d ,  and  produce  them 
till  they  meet  with  V  Q.  produced  in  2  and  T  ; 
draw  R  b,  R  d ;  take  2  K  equal  b  2,  and  T  L  equal 
to  dT*  Then  I  fay,  the  Points  K  and  L,  are 
?  „  whas 


LECTURES.  355 

what  were  to  be  found.  For  becaufe  of  the  E-  Ledture 
<3 triangular  Triangles  R£  2  and  B  P  2,  2  P:  PB::  XXVIIJ 
2  K :  R  b  or  RV,  and  by  alternation  of  Proportion, 

2  P :  2  K : :  P  B :  RV  ;  but  by  ConftruCtion,  P  B  is 
to  RV  as  the  Velocity  of  the  Planer  is  to  the  Ve¬ 
locity  of  the  Earth  ;  and  2  b  touches  the  Semi¬ 
circle  in  b  •  wherefore  its  Square  is  'equal  to 
the  Re&angle  VsQ,  by  Prop.  3 6  Elem.  III.  And 
2K  is  equal  2^;  therefore  sK  will  touch  the 
Orbit  of  the  Earth  in  the  Point  K,  by  37  Prop  l 
Elem.  Ill  •  therefore  the  Tangents  of  both  Orbits 
2  P  and  2  K,  are  as  the  Velocities ;  and  there¬ 
fore  a  Planet  in  P,  will  appear  Stationary,  when 
the  Earth  is  in  K.  In  the  fame  manner  it  may 
be  fhewed,  that  the  Right-Lines  P  T  and  L  T, 
are  as  the  Velocities,  and  that  LT  touches  the 
Orbit  of  the  Eaith  in  L.  Laftly,  the  Lines  SK 
S  L  being  drawn,  will  fhew  the  Places  of  the 
Earth  feen  from  the  Sun,  and  the  Angles  KSP 
L  S  P  are  the  Commutations.  And  if  the  Line  S  A 
be  the  Line  of  the  Apfides  of  the  Earths  Orbir, 

KSA  and  LSA,  will  be  the  Angles  of  the  true 
Anomaly ;  and  confequently  if  any  error  be 
committed  in  fuppoling  the  Earth’s  Velocity,  ic 
can  be  molt  accurately  corrected,  by  having  the 
Arue  Anomaly. 

I  T  is  a  Problem  of  a  very  different  kind^' 
to  define  the  Time  when  a  Planet  is  to  be  Sta¬ 
tionary,  and  its  Solution  cannot  be  had  from 
common  Geometry  ;  yet  the  aforefaid  Dr.  Hal¬ 
ley,  by  an  indirect  Method,  and  an  Approxi- 
tion,  has  fhewed  how  to  find  ic.  It  is  as  fol¬ 
lows. 


WHEN  the 


Time  of  a  Station 
rately  determined. 


15 


to  be 


accu £ 


HAVING  by  the  former  Conftrudtion,  or  a 
rude  Calculation,  or  even  from  an  Epbemem, 
found  out  the  Day  of  the  Station,  find  out  by 
the  ir.olt  perfect  Afironomical  Tables,  for  the 
Meridian  of  that  Day,  the  Place  of  the  Sun;  as 
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LedluPc  alfo  the  Planets  Heliocentric 4  and  Geocentnc\ 
XXVIL  Places,  and  the  Logarithms  of  their  diftances  froni 
the  Sun  ;  and  for  to  reduce  their  Motions  to 
the  fame  Plane*  Curtate  the  diftance  of  the  Pla¬ 
net,  and  We  have  the  Triangle  STP*  from  the 
Principles  6f  Aflronomy ,  where  S  in  feprefents  the 
Sun,  T  the  Earth,  and  P  the  Planet.  Draw 
T  QL  a  Tangent  to  the  Earth’s  Orbit,  and  P  Q.  a 
•Tangent  to  the  Planet’s  Orbit,  which  meet  in  Q. 
Now  if  the  real  Velocities  of  the  Planet  and 
Earth  are  as  P  Q  and  T  Q,  or  as  the  Sines  of 
the  Angles  P  T  Q.  and  TPQ,  it  is  plain  that 
the  Planet  is  then  in  the  Situation  required  j 
that  is,  it  will  be  there  Stationary. 

HAVING  now  the  diftances  ST,  S'P,  we 
have  the  l\atio  of  their  real  Velocities,  or  of  T  t 
and  Pp.  For  the  real  mean  Velocities  of  different 
Planets,  that  is,  thole  Velocities  with  which  at 
diftances  equal  to  half  the  Tranfverfe  Axes  of  the 
Orbits,  they  would  defcribe  Circles,  are  in  a  recipro- 
*  Se*  cal  fubduplicate  Proportion  of  the  Axes.  And  *  the 
XYui.  6  ’niean  Velocity  of  any  Planet,  is  to  its  Velocity 
in  any  other  Point  P  or  T,  in  a  fubduplicate 
proportion  of  its  diftance  from  the  Sun,  to  its1 
diftance  from  the  other  Focus  of  the  Ellipfe,  which 
call  refpecftively  P  F  and  T  F  :  and  putting  & 
for  half  the  Tranfverfe  Axe  of  the  Superiour  El¬ 
lipfe,  and'  r  for  half  the  tranfverfe  Axe  of  the  Iii- 
feriour,  and  then  compounding  the  Ratios,  the 
Velocity  of  the  Inferiour  Planer,  will  be  to  that 


of  the  Superiour,  or  T*  to  Pjs>  as  yRxSPxTF 

is  to  Vr  xSTxPF;  and  therefore  we  nnift  have 
ready  the  Logarithm  of  this  Ratio  reduced  to 
the  Plane  of  the  Ecliptick. 

FROM  the  fame  diftances,  we  have  likewife 
the  Angles  STQ  and  S  P  Q.;  for  the  Radius  is 

to  the  Sine  of  the  Angle  ST  Cl,  as  */STxTF 
is  to  half  the  Conjugate  Axis  of  the  Orbit ;  and 
likewiie  the  Radius  is  to  the  Sine  of  S  P  Q,  as 

y  SPx  J?F  i q  half  the  Conjugate  Axis  of  the 

’*  ----  -  -  . -  —  Planets 
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PI  a  net’s  Orbit  :  or,  which  is  more  readily  per-  Ledlure 
form’d ;  fay,  as  the  diftance  of  the  Planet  in  its  XXVII. 
Aphelion  is  to  its  diftance  in  the  Perihelion,  fo  the 
Tangent  of  half  the  Angle,  by  which  it  is  diftanc 
from  the  Perihelion ,  to  the  Tangent  of  an  Angle, 
which  being  fubftradted  from  the  forefaid  half^ 
leaves  the  Complement  of  the  Angle  SPQ  to  a 
Right,  or  its  excefs  above  a  Right,  as  it  happens 
that  this  Angle  is  acute  or  obtufe.  Reduce  this 
Angle  if  it  is  needful  to  the  Plane  of  the  E- 
cliptick,  and  thefe  things  being  done,  fubftradfc 
the  Angle  STQ  from  the  Angle  S  T  P,  and  to 
the  Angle  S  P  Cf  add  the  Angle  S  P  T,  and  we 
fhali  have  the  Angles  QTP  and  QP  T;  and  if 
the  Sines  of  thefe  Angles  have  the  fame  Pro¬ 
portion  that  the  real  Velocities  have  in  the 
Points  T  and  P,  the  eftimation  is  right :  But  if 
not,  take  the  difference  of  the  Logarithms  of  each, 
or  the  error  of  the  Hrff  Pofition.  And  if  the  Ratio 
of  the  Velocities  be  lefs  than  the  Ratio  of  the 
Sines,  we  muft  diminifli  the  Angle  T  S  P,  by 
adding  or  fubftradling  a  known  Mean  Angle, 
fuch  as  will  agree  to  one  Days  Motion  ;  and  the 
contrary  is  to  be  done,  if  the  Ratio  of  the  Ve¬ 
locities  be  greater.  And  by  a  Calculation  juft: 
like  the  former,  feek  the  Logarithms  of  the  afore- 
faid  Ratios,  for  the  Noon  of  the  preceding  or 
following  Day,  as  the  cafe  requires.  Then  com-? 
pare  the  differences  of  the  forefaid  Logarithms, 
or  the  error  of  the  firft  Pofition  with  the  error 
of  the  fecond;  and  the  Sum  of  the  errors,  if  they 
be  of  feveral  kinds,  or  their  difference  if  they  be 
of  the  fame  fort,  will  be  to  24  Hours,  as  either 

of  the  errors  to  the  time  between  the  Point  of 

Station  and  the  Noon  on  which  the  affumed  error 
was  found.  This  is  plain  to  thofe  who  und^rftand 
the  Rule  of  Falfe. 

I  N  this  manner  the  Stations  of  the  Planets 
may  be  obtained  within  a  few  Minutes.  But  for 
to  take  away  the  fmall  errors  which  may  arife, 
by  reafon  the  Logarithms  do  not  uniformly  en~ 
create  as  the  Time,  if  any  one  pkafes,  he  may 
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Ye&ure  renew  the  Calculation,  for  the  Time  juft  found 
XXVII.  out,  and  which  is  very,  near  the  Truth,  and  fo  bring 

out  the  crue  T*me  t0  a  Minure  »  buc  chere  is  nQ 

need  of  this  Correction  but  in  Mercury  or  Mars. 

FOR  to  make  this  plainer  we  will  add  an  Ex¬ 
ample  of  the  Station  of  Jufiter,  which  lately  hap¬ 
pened  on  November  the  9 th  1717. 
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The  Error  of  the  iftPoiition  0,004702 
The  Error  of  the  id  Polition  0,011564 

A’N  D  becaufe  one  of  thefe  Errors  does  exceed 
the  Truth,  and  the  other  is  deficient  from  it,  fay, 
as  16266  the  Sum  of  the  Errors,  is  to  4702,  fo  is 
24  Hours  to  6  Hours  56  Minutes.  Hence  we 
conclude  the  Time  of  the  Station  of  Jufiter  to 
have  been,  November  the  %th.  Six  Hours  and  56 
Minutes  after  Noon. 
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LECTURE  XXVIII. 

Of  the  Divtfion  of  TIME,  and  its  Parts. 

»  *  I  '  * 

i 

H  E  Parts  of  Time  are  known  to  all 
Men,  being  Days,  Hours,  Weeks, 

Months  and  Years.  A  Natural  Day  jfayNatura* 
is  determined  by  the  Apparent  Mo- 
tion  of  the  Sun  from  Eaft  to  Weft, 
and  is  that  Space  of  Time  that  flows  while  the 
Sun  goes  from  any  Meridian,  or  Horary  Circle, 

’till  it  arrives  to  the  fame  again.  It  is  called 
Natural  to  diftinguifh  it  from  that  fignificatioa 
of  the  word  Day,  which  is  oppoied  to  Night, 
and  which  is  called  the  Artificial  Day. 

ALL  Nations  do  hot  begin  their  Day  alike. 

The  Babylonians  counted  the  Beginning  of  their  The  dife- 
Day,  from  the  Sun  rifing.  The  Jem  formerly  ***£ 
and  the  Athenians ,  from  Sun  letting ;  wmch  the  Dah 
Italians,  Auftrians  and  Bohemians  do  at  this  time; 
fo  that’ when  the  Sun  comes  to  the  Weftern  Ho¬ 
rizon,  they  count  the  Twenty-fourth  Hour;  and 
the  Hour  after  the  Sun  is  fett,  they  call  the  firft 

Hour.  ,  .  f  .  _  c  ,  , 

THEY  who  begin  their  Day  at  Sun  riling, 

have  this  advantage,  that  their  Hours  tell  them 
how  much  Time  is  already  gone  fince  Sun  riling; 
and  they  who  reckon  their  Hours  from  Sun  fet¬ 
ing,  have  this  ufe  of  it,  that  they  know  how 
long  it  is  to  Sun  ferting,  that  they  may  propor¬ 
tion  their  Journeys  and  Labours  for  that  Tune. 

But  both  of  them  have  this  Inconvenience,  that 
♦they  cannot  immediately  tell  by  their  i  louts  the 
Times  of  Midday  or  Midnight,  but  they  mult 


A  a  4 


com- 

V  s  ••  .  I  i  A 


3^o  ASTRONOMICAL 

Tecfture  compute  by  the  length  of  the  Day  time,  or  the 
XXVIII  Seafon  of  the  Year  5  for  in  different  Seafons,  the 

of  Midday  is  reckoned  by  different  Houf.s. 
,The  Egyptians  antiently  began  their  Day  at  Mid¬ 
night,  from  whom  Hipparchus  that  Antient  and 
Famous  Aftronomer ,  brought  that  way  of  reckon¬ 
ing  into  Aflronomy,  And  Copernicus  and  fome 
pther  Ajlronomers  have  followed  him  therein.  But 
the  much  greater  part  of  the  Aftronomers  have 
thought  it  better  to  begin  their  Day  from  Noop. 
{Yet  the  Method  of  beginning  from  Midnight  is 
received  in  Britain ,  France,  Spain,  and  moft  of  the 
Nations  in  Europe . 

THERE  are  two  forts  of  Hours,  equal  and 
unequal.  An  equal  Hour  is  the  Twenty  fourth 
part  of  the  Natural  Day.  Befldes  the  divifion  of 
Hours  received  b)  the  Vulgar  into  half  Hours, 
Quarters,  and  half  Quarters,  we  now  generally 
follow  the  Aftronomical  Divifion,  and  reckon  every 
Hour  60  Minutes,  in  every  Minute  60  Seconds, 
and  in  every  Second  60  Thirds,  &c. 

A  N  unequal  Hour  is  the  Twelfth  Part  of  the 
Artificial  Day,  or  the  Twelfth  part  of  the  Night; 
and  it  is  called  the  Temporary  Hour,  becaufe  at 
different  Seafons  of  the  Year,  it  is  of  a  different 
Length.  For  a  diurnal  Hour  in  the  Summer  is 
longer  than  one  in  the  Winter;  a  Night  Hour  is 
fhorter.  But  in  the  Equinoctial  Day,  the  Hours 
in  the  Day  and  Night  are  equal  to  each  other; 
and  therefore  the  equal  Hours  are  called  Equine- 
Hial.  The  ‘Jews  and  Romans  formerly  ufed 
thefe  Hours,  and  the  Turkj  reckon  by  them  at 
this  Day,  and  their  Noon  always  falls  upon  the 
Sixth  Hour  of  the  Day.  Thefe  Hours  are  alfb 
called  Planetary  Hours,  becaufe  in  every  Hour  they 
luppofed  one  of  the  feven  Planets  to  prefide  over 
the  World,  and  they  took  it  by  turns;  fo  that 
the  firft  Hour  after  Sun  riling  fell  on  Sunday  to 
the  Sun;  the  next  to  Fen  us  ;  the  third  to  Mercury.  • 
and  the  reft  in  order  to  the  Moon,  Saturn ,  Ju¬ 
piter  and  Mars.  By  this  means,  on  the  firft  Hour 
of  the  next  day  the  Moon  prefxded,  and  cap  that 
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account  gave  the  Name  to  that  Day ;  affd  the  LecfturQ 
'Days  of  the  Week  by  this  Method  have  had  their  XXVilj 
Names  from  the  Planet  that  governed  the  firft 
Hour,  ’till  the  end  of  the  Week. 

A  Week  is  a  Syftem  of  feven  Days,  in  which  ^ 
each  Day  is  diftinguifhed  by  a  different  Name. 

The  Chriftian  Church  called  the  firft  Day  of  the 
Week  the  Lord's-day ,  the  Vulgar  term  it  Sunday , 
and  none  but  the  Phanatickj  of  our  Time,  ever 
called  it  Sabbath-day.  The  reft  of  the  days  of 
the  Week  were  called  Ferice ,  Munday  the  fecond. 

Feria ,  Tuefday  the  third  Feria,  &c.  and  Saturday 
they  alfo  called  the  Sabbath-day.  But  the  com¬ 
mon  People  ufe  the  fame  Names  that  were  given 
by  the  Romans  $  each  Day  being  denominated  from 
a  Planet. 

A  Month  is  properly  that  Space  of  Time  the  A  Month, 
Moon  takes  to  perform  its  Courfe  in  the  Zydiack; 
which,  in  the  Space  of  a  Year,  it  runs  over 
Twelve  times.  There  is  another  Month  nearly 
equal  to  it,  which  is  meafured  by  the  Motion 
of  the  Sun,  and  is  that  fpace  of  Time,  in  which 
the  Sun  moves  through  one  Sign,  or  Twelfth 
part  of  the  Ecliptick  :  Thefe  Months  are  properly 
y. iftroncmical .  A  Civil  Month  is  different  from 
them,  and  conlifts  of  a  certain  number  of  Days, 
fewer  or  more,  according  to  the  Laws  and  Or¬ 
dinances  of  the  Kingdom  or  Republick  in  which 
they  are  obferved.  The  Egyptians  made  each 
Month  to  confift  of  30  Days,  and  the  Year  con¬ 
fiding  of  5  Days  more  than  12  Months,  they 
added  them  to  the  end  of  the  Year,  and  called 
them  Epagomen*. 

THE  Year  is  either  yfjlronomical  or  Civil;  The  rfaii 
both  kinds  of  the  Aflrcyiomical  Years,  vi%.  the  °f tw&- 
Tropical  and  Periodical ,  we  have  already  defined^ 
in  our  XXII  LeElure.  The  Civil  Year  is  the 
fame  with  the  Political  Year  eftablifhod  by  the 
Laws  of  a  Country,  and  is  of  two  kinds,  Lunar 
or  Solar,  according  as  it  is  defigned  to  be  re¬ 
gulated  by  the  Motions  of  the  Moon  or  Sun.' 

JThere  arc  two  forts  of  Lunar  Years,  the  one 
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LeCIure  moveable,  the  other  Fixed :  The  moveable  Yea? 
XXVIII  confifts  of  Twelve  Sy nodick  Months,  or  of  Twelve 
Lunations  which  are  compleated  in  354  Days,  and 
Tbemove.  after  that  time  the  Year  begins  again.  This  Year 
Y$ay  Lunar  i§  leis  than  t^le  Solar  Year,  which  brings  back 
all  the  Seafons  by  Eleven  Days.  And  therefore 
the  beginnings  of  fuch  Years  move  thro’  all  the 
Seafons,  and  that  in  the  fpace  of  32  Years:  This 
Form  of  a  Year  is  obferved  by  the  Turks  and 
Mahometans. 

TheFixed  SINCE  Twelve  Lunations  is  lefs  than  a  Solar 
lunar  Tear..  Year  by  Eleven  Days,  three  Lunar  Years  are  lefs 
than  three  Solar  Years,  by  33  Days;  arid  there¬ 
fore  to  keep  the  Months  in  the  fame  Seafons  and 
times  of  the  Solar  Year,  to  the  third  Year  there 
is  a  whole  Month  added,  and  it  confifts  of  13 
Months  :  And  this  is  done  as  often  as  is  needful, 
to  keep  the  beginning  of  the  Year  always  in  the 
fame  Seafon.  And  the  Month  added  is  called  an  Em- 
holimaan  or  Intercalary  Month.  In  nineteen  Years 
there  are  feven  fuch  Months,  and  this  kind  of 
Lunar  Years  are  called  Fixed,  and  were  obferved 
by  the  Greeks ,  whom  the  Romans  followed  in  this 
matter  Till  the  times  of  Julius  Cccfar. 

The  Solar  THE  Solar  Year,  which  is  made  conformable 
Tear.  to  the  Motion  of  the  Sun,  is  likewife  of  two  kinds, 
moveable  and  immoveable.  The  moveable  is  call¬ 
ed  the  Egyptian  Year,  becaufe  obferved  in  that 
Country:  and  it  confifts  of  365  Days,  and  is  lefs 
than  the  Tropical  Year  in  which  the  Sun  runs 
his  Courfe  in  the  Ecliptick,  by  alnioft  fix  Hours, 
By  the  neglecting  of  thefe  fix  Hours,  it  happens 
that  four  fuch  Years  is  lefs  than  four  Tropical 
•Solar  Years  by  a  whole  Day  :  And  therefore  in 
four  times  365  Years,  that  is,  in  1460  Years,  the 
beginning  of  the  Years  moves  thro5  all  the  Sea¬ 
fons  of  the  Year. 

SINCE  therefore  an  Egyptian  Year  is  lefs 
than  a  true  Solar  Year,  by  almoft  fix  Hours; 
that  all  the  Years  may  go  on  according  to  the 
*  Sun’s  Motion,  a  regard  muft  be  had  to  thefe  fix 

Hours.  But  it  is  requifite  alfo,  that  the  Political  Year 

•  -----  have 
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have  always  the  fame  beginning,  and  that  it  com-  Le&ure 
mence  with  the  Day;  for  it  would  be  inconve- XXVIII 
nient  to  have  the  Year  begin  fometimes  at  one 
Hour  of  the  Day,  fometimes  at  another;  which 
would  neceffarily  fall  out  if  we  added  to  every 
Year  fix  Hours.  Now  thefe  Hours  amounting 
in  three  Years  to  Eighteen  Hours,  if  they  be  ad¬ 
ded  to  the  fix  Hours  of  the  fourth  Year,  will 
make  a  whole  Day:  Therefore  this  Day  being 
added  to  the  fourth  Year,  will  reduce  it  again 
to  be  even  with  the  Motion  of  the  Sun.  Julius 
Ccefar  perceiving  this,  ordered  that  every  fourth 
Year  fhould  have  an  Intercalary  Da},  which 
therefore  confifts  of  3 66  Days;  and  the  Day  ad¬ 
ded  is  put  in  the  Month  of  February .  And  be- 
caufe  in  the  common  Year  the  24 tb  of  February , 
in  the  Roman  way  of  reckoning,  was  the  fixth  of 
the  Kalends  of  March ,  or  the  fixth  Day  before 
the  Kalends  of  March,  Ccefar  ordered  that  for 
that  Year  there  fhould  be  two  fixths,  or  that 
the  fixth  of  the  Kalends  of  March ,  fhould  be  twice 
reckoned  ;  upon  which  account  the  Year  was 
called  Biffextile,  which  we  name  the  Leap-Year. 

This  Form  of  a  Year  was  inftituted  by  Julius 
Ccefar,  who  was  then  High-Prieft  among  the  Ro¬ 
mans,  and  was  called  the  Julian  Year;  whofe 
nature  is,  that  every  fourth  Year  confilts  of  3 66 
Days,  and  the  other  three  only  of  365. 

BUT  it  mult  be  acknowledged,  that  the  time 
appointed  by  Julius  Ccefar  for  the  Solar  Year,  is 
too  much ;  for  the  Sun  finifhes  his  Courfe  in  the 
Ecliptick  in  365  Days,  5  Hours  and  49  Min. 
and  therefore  he  begins  again  his  round,  Eleven 
Minutes  before  the  Civil  Year  is  ended.  So  that 
if  the  Sun  in  any  Year  has  entered  the  Equi¬ 
nox  upon  the  loth  of  March  at  Noon-day,  after  4 
Years  he  will  arrive  at  the  Equinox  44  Minutes 
before  Noon,  and  the  fourth  Year  after  that  he  will 
be  there  1  h-  28  Min.  before  Noon  ;  and  fo  every 
Year  11  Minutes  fooner  than  by  this  reckoning; 
fo  that  in  13 1  Years,  he  will  anticipate  or  enter 
£he  Equinox  a  whole  Day  before  the  20 th  of 

March : 
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Lecture  March  :  And  therefore  the  Cadeftial  Equinox  will 
XXVIII  not  always  fall  upon  the  fame  Day  of  the  Month? 

but  by  degrees  it  will  move  towards  the  begin¬ 
ning  of  the  Year:  and  this  fo  fenfibly  in  compafs 
of  time,  that  it  cannot  be  doubted. 

HENCE  in  the  time  of  the  Council  of 
'Nice  ('about  which  time,  the  Terms  were  fetled 
for  obferving  Eajler)  the  Vernal  Equinox  fell 
upon  the  Twenty  firft  of  March  :  but  the  Equinox 
continually  falling  backwards  in  the  Year,  in  the 
Year  of  Chrifl  1582,  when  the  Kalendar  was 
corrected,  it  was  found  that  the  Sun  entered 
the  Equinoctial  Circle  on  the  nth  of  March ,  and 
was  departed  Ten  whole  Days  from  its  former 
place  in  the  Year:  And  therefore  when  Gregory 
the  XIII  of  that  Name,  Bilhop  of  Home,  defigned 
to  place  the  Equinocfties  in  their  former  Situa¬ 
tion.  in  refpedt  of  the  Year ;  he  took  thofe  Ten 
Days  out  of  the  Calendar  that  Year,  and  order¬ 
ed  that  the  Eleventh  of  March  fliould  be  reckon¬ 
ed  as  the  Twenty  firft  :  And  to  prevent  the  Sea- 
fons  of  the  Year  from  going  backwards  as  they 
did  before  ;  he  ordained,  that  every  Hundredth 
Year,  which  in  the  Julian  Form  was  to  be  a  Bif- 
fextile,  fliould  be  a  common  Year,  and  conflft 
only  of  36 >  Days  ;  but  becaufe  that  was  too  much* 
every  fourth  Hundred  was  to  remain  Biffextile.  Thi$ 
new  Form  of  the  Year  being  eftablifhed,  by  the 
Authority  of  the  Bifhop  of  Borne  Gregory  XIII. 

The  Ore- is  called '  by  his  Name  the  Gregorian  Year,  and 
gofiftnftw.  is  received  in  France ,  Spain ,  j Italy,  Germany ,  and 
in  all  the  Countries  where  the  Pope’s  Authority 
is  acknowledged  *  as  likewife  lately  in  feveraj 
where  the  Reformed  Religion  is  obferved.  Yet 
in  Britain  and  other  Northern  Countries,  the  Ju- 
Han  Form  of  the  Year  is  ft  ill  retained. 

THE  Perfians  obferve  the  Egyptian  Form  of  the 
(Years  to  this  Day,  whence  it  is  that  the  Equinocfties 
remain  not  in  the  fame  Month,  but  move  thro"  them, 
all,  and  after  a  Period  of  about  1460  Years,  the 
beginning  of  their  Years  falls  in  with  the  fame 
time  p£  the  true  Solar  Year.  This  Time  or  Pe~ 

riod 
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Hod  is  called  the  Great  Canicular  Tear,'  or  the  Ledfuri; 
Solhiacal  Period,  becaufe  it  takes  its  beginning  XXVIH 
on  the  firft  Day  of  the  Month  T both,  or  the  firft 
Day  of  that  Year,  when  the  Dog  Star  rifes  He- 
liacaly,  for  the  Word  Sdthis  in  the  Egypt  aft 
Language  fignifieS  the  Dog,  which  in  Greeks  is 
tailed  dspowcdv,  that  is  the  Dog-ft'ar,  which  the 
Ajlronomers  Name  Sirius. 

THE  Antients  not  only  difting'uifhed  the  Times 
by  Years,  but  by  feveral  Revolutions  or  Colle¬ 
ctions  of  Years;  fuch  was  the  Jubilee  of  49  o£ 

50  Years;  an  Age  confifted  of  a  Hundred  Years, 

But  among  the  Greeks  the  Olympiads  were  efteem* 
td  the  moft  FamoUs,  each  of  them  containing  thd 
fpace  of  four  Years. 

A  S'  in  the  Heavens  there  are  certain  Points 


from  Which  the  Aflronomers  begin  their  Compu¬ 
tations  of  the  Planets  Motions,  fo  alfo  there 
muft  be  certain  Points  or  Inftants  of  Time,  from 
■Which  as  from  Roots,  all  Calculations  muft  begin: 
and  all  Memorable  Acftions  are  difpofed  and  re¬ 
corded,  according  to  the  Series  of  Years  which 
follow  from  that  Root.  Thefe  Roors  are  called 
Epoch's  or  £R/4’s,  from  which  we  generally  count 
our  Years  and  Times.  The  moft  famous,  beft 
known,  and  moft  ufed  by  us,  is  that  which  is 
reckoned  from  the  Nativity  of  our  Lord  Jefus ,  which 
begins  at  the  Jgalends  of  January  that  immedi¬ 
ately  followed  his  Birth. 

NOW  altho’  this  Epoch  is  generally  received 
by  Chriftians,  yet  the  Englijh  and  Irijh  have  ail 
Epoch  a  whole  Year  pofterior  to  it,  which  they 
commonly  ufe  in  all  Publick  and  Ecclefiafticai 
Affairs:  for  they  do  not  begin  their  Year  with  the 
firft  of  January  that  follows  the  Nativity,  but  with 
the  Feaft  of  the  Conception  or  Incarnation,  which 
is  obferved  On  the  z^tb  of  March  ;  and  therefore 
it  is  that  the  Englijh  reckon  from  the  Feaft  of 
Lady-day  1718,  that  there  are  compleated  1717 
Years;  but  from  the  Birth  of  our  Lord  to  the 
Feaft  of  the  Nativity  of  the  Year  1717,  they 

number 
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Xedhird  number  only  1716  Years  elapfed,  whereas  all  the 
XXVIIIreft  of  the  Chriftian  World  count  17.17  Years. 

IN  this  Affair  they  exa&ly  agree  with  Diony- 
*  fins  furnamed  the  lefs,  according  to  whom  Chriji 

*uThe rAlL  is  fuppofed  to  jiave  been  conceived  the  8 th 
iEra.  *  of  the  Kalends  of  April,  in  the  firft  Year  of  this 
JEI^A;  and  was  born  the  Winter  following,  at 
the  end  of  the  4 6th  Year  from  the  Reformation 
6f  the  Kalendar  by  Julius  Ccefar .  This  way  of 
computing  was  at  firft  univerl'ally  received,  but 
afterwards  by  degrees  and  tacitely,  all  Nations 
receded  from  it  $  fo  that  it  does  only  now  take 
place  in  England,  and  rhe  Dominions  thereof^  and 
the  common  Opinion  is  that  Chriji  was  Born  the 
Winter  preceding  the  Time  that  Dionyfius  reck¬ 
oned  the  conception  to  have  been ;  and  by  this 
means  they  make  Chriji  to  have  been  a  Year 
before  Dionyjius  the  Author  of  the  JEra  fuppofed 
he  was  Born. 

BUT  yet  for  all  this  the  Englijh  for  the  great- 
eft  part  of  the  Year,  delign  it  by  the  fame  num¬ 
ber  that  the  reft  of  the  Chriftian  World  does:  but 
for  three  Months,  vi%.  from  the  Kalends  of  Ja¬ 
nuary  to  the  8 th  of  the  Kalends  of  April,  they 
write  one  Year  lefs. 

THERE  is  like  wife  the  Epocha  of  the  Crea¬ 
tion,  which  is  much  noted,  yet  about  it  there 
are  great  Controverfies  among  the  Chronologijis • 
fome  affirming  that  the  World  was  created  3950 
Years  before  the  Birth  of  Chriji  •  others  again 
fay,  that  at  the  Birth  of  Chriji  the  Age  of  the 
World  was  3983  Years.  The  Greeks  Church  and 
the  Emperors  of  the  Eaft  ufed  an  Epocha  of  the 
Creation,  which  was  much  more  antient,  and 
makes  the  World  to  have  been  Created  5509 
Years  before  the  coming  of  Chriji. 

AMONG  the  Prophane  Authors,  the  Antient- 
eft  Epocha  is  that  of  the  Olympiads,  which  begun 
at  rhe  Summer  of  the  Year  777  preceding  the 
Birth  of  Chriji,  and  on  the  Kalends  of  July. 

THE  Epoch  of  Home,  or  of  the  Building  of  the 
£ity?  is  not  long  after  the  Olympiads,  and  there 
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are  two  of  them,  the  Vanonian  and  Capitolian ;  Le&ure 
according  to  the  fir  ft,  the  City  was  -  built  the  XXVIlf 
Vear  before  Chrift  753*  according  to  the  other  it  l/YM 
was  in  the  Year  752. 

THE  JEra  of  Nabonajfar  has  always  been  fa¬ 
mous  among  the  Aftronnmers,  and  began  on  the 
4th  of  February  of  the  Julian  Year  carried  back¬ 
ward,  and  before  Chrift  747.  And  becaufe  that 
Pay  was  then  the  firft  Day  of  the  Egyptian  Year, 

Ptolemy,  and  after  him  Copernicus ,  computed  the 
Motion  of  the  Stars  according  to  that  JEra  by 
Egyptian  Years  3  for  the  Egyptian  Year  is  very 
convenient  for  Aftronomical  Calculations,  it  being 
interrupted  by  no  intercalary  Days. 

AFTER  this  we  have  another  Epocha  of  the 
Death  of  Alexander  the  Great,  the  three  Hun- 
dreth  and  Twenty  fourth  Year  before  Chrift ,  on 
the  12 th  of  November;  Which  was  then  the  firft: 

Day  of  the  Egyptian  Year.  Theon,  Albategnius,  and 
fome  others,  have  computed  from  thence  accord¬ 
ing  to  the  Egyptian  Year.  Between  rhe  two 
JEras  of  Nabonajfar  and  of  the  Death  of  Alex¬ 
ander,  there  are  precifely  424  Egyptian  Years. 

The  Abijjines  reckon  by  another  /Era ,  which 
is  called  the  JEra  of  the  Martyrs  or  of  Diocleftan.' 

The  Turbj  and  Arabians  reckon  by  an  JEra, 
which  they  call  the  Hegira ,  which  takes  its  be¬ 
ginning  from  the  flight  of  Mahomet .  The  Ferfians 
have  likewife  an  Epoch  which  they  call  lefdegird - 
all  which  are  are  explained  by  the  Chronolo gifts* 

But  the  Julia? 2  Period  feems  to  be  the  moft  ufe- 
ful  and  convenient  of  all,  it  including  almoft  all 
other  JEras  within  it,  and  it  is  a  Period  of  7980 
Years;  which  Number  is  compofed  by  the  Multi¬ 
plication  of  the  three  numbers,  15,  19  and  28. 

The  firft:  is  the  Cycle  of  the  Inditticn;  the  fecond 
is  the  Metonick.  Cycle  of  the  Moon;  and  the  third 
is  the  Cycle  of  the  Sun.  And  the  firft:  Year  of 
this  Period  was  that  wherein  all  thefe  three  Cycles 
began  together.  I  will  here  add  a  Table,  which 
I  gives  the  firft  Year  of  the  feveral  /Eras,  and  re¬ 
duces 
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Le&ure  diices  them  to  the  Years  of  the  Julian  Peficrif} 
XXyill  and  to  the  Years  before,  or  after  the  Birth  ox 
Ckrijl* 
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LECTURE  XXIX. 

Of  the  Kalendars.  Of  Cycles  and  Periods. 


iJk  JI4  W  E  Calendar  is  a  Table,  in  which  L 
e^&>foeifa5  are  fee  down  all  the  Days  of  the  j  5* 

T  |§(&  Year,  in  a  regular  difpofition,  ac- 
frMffwrifwr*  cording  to  their  Months,  with  a  di- 
*4?  ftribution  of  them  into  Weeks.  The 
Vigils,  Holy-days  and  Law-days,  together  with 
the  Vniverfity  Terms,  are  likewife  annexed.  The 
diftribution  of  Days  into  Weeks,  is  made  by  the 
feven  firft  Letters  of  the  Alphabet,  ABCDEFG;  the  fits 
Beginning  at  the  firft  of  January,  to  it  place  the  minical£w* 
Letter  A;  to  the  fecond  of  January  B  is  joined ^UrU 
to  the  third  G ;  and  fo  on  to  the  feventh,  where 
G  is  figured :  And  then  again  beginning  with  A, 
which  is  placed  at  the  Eighth  Day  ;  B  will  be  at 
the  Ninth;  C  at  the  Tenth  ;  and  fo  continually  re¬ 
peating  the  Series  of  thefe  feven  Letters,  each 
Day  of  the  Year  has  one  of  thofe  Letters  in  the 
Calendar.  By  this  means  the  laft  of  December 
has  the  Letter  A  joined  to  it.  For  if  the  365 
Days  which  are  in  a  Year  be  divided  by  feven, 
we  fhal!  have  52  Weeks;  and  one  Day  over. 

If  there  had  been  no  Day  over,  all  the  Years 
would  conftantly  begin  on  the  fame  Day  of 
the  Week;  and  each  Day  of  a  Month  would 
conftantly  have  fallen  upon  the  fame  Day  of  the 
Week.  But  noW  becaufe  befides  the  52  Weeks 
ih  the  Year,  there  is  one  Day  more,  from  thence 
it  happens  that  ort  whatever  Day  of  the  Week 
the  Year  begins,  it  endsupoh  the  fameDay;arid  the 
first  Year  begin$  with  the  following  Day.  Foe 

B  b  Example.,1 
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Lecture  Example,  in  a  common  Year  of  365  Days,  if  the 
XXIX.  Year  begin  on  a  Sunday,  it  will  end  on  Sunday  ;  and 
the  firft  Day  of  the  next  Year  will  be  Monday . 

THE  Letters  being  ranked  ill  this  order ;  that 
Letter  which  anfwers  to  the  firft  Sunday  of  Janu¬ 
ary  in  a  common  Year,  will  fliew  all  the  Sundays 
thro’out  the  Year;  and  to  whatever  Days  in  the 
reft  of  the  Months  that  Letter  is  put,  thefe  Days 
are  all  Sundays-  and  therefore  that  Letter  is  call¬ 
ed  the  Dominical  or  Sunday  Letter  of  that  Year. 
So  alfo  whatever  Letter  is  joined  to  -the  firft 
Monday  in  January ,  the  fame,  as  often  as  it  is 
repeated  in  the  Calendar,  fhews  the  Mondays  thro’- 
OUt  the  Year. 

I F  the  firft  Day  of  January  be  a  Sunday,  the 
laft  Day  of  the  Year,  as  I  have  Laid,  will  like- 
wife  be  a  Sunday  ;  and  therefore  the  next  Year 
will  begin  on  Monday ,  and  the  Sunday  will  fall 
on  the  feventh  Day,  to  which  is  annexed  the 
Letter  G;  which  therefore  will  be  the  Sunday 
Letter  for  all  that  Year:  And  fince  the  Year 
began  on  Monday ,  it  will  alfo  end  on  that  Day; 
and  the  following  Year  will  begin  on  a  Tuefday # 
and  the  firft  Sunday  will  fall  upon  the  fixth  of 
January,  to  which  Day  is  adjoined  the  Letter  F* 
which  istEcSwiday  Letter  for  that  Year.  And  in  the 
fame  manner  for  the  Year  next  following,  the, 
Dominical  Letter  will  be  E By  this  means  the 
Sunday  Letters  will  go  in  a  retrograde  order 
by  GFEDCB  A.  In  the  Yearly  Kalendars, 
which  we  call  Almanacks,  which  is  an  Arabic k 
Word,  the  Dominical  Letter,  for  to  diftinguifh  it 
the  better,  is  made  a  Capital,  and  all  the  reft  are  of 
a  fmaller  Form.  By  this  means,  at  one  view,' 
tWe  ill  all  fee  all  the  Sundays  in  the  Year. 

; .  I  F  all  the  Y  ears  were  Egyptian  Years  of  365, 
Days,  after  a  Period  of  feven  Years,  the  fame 
Days  of  the  Month  would  return  to  fall  on  the 
fame  Day  of  the  Week.  But  we  pbferying  the 
Julian  Year,  where  every  fourth  is  Bijfextile  or 
cohfifts  of  366  Days,  in  which  befides  the  52  Weeks 
two  Days  oven  If  that  Year  jhould 

begin 
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begin  with  a  Sunday ,  it  will  end  on  a  Monday ;  Ledhire 
and  the  next  Year  will  begin  on  Tuefday ,  and  XXlX, 
the  firft  Sunday  of  that  Year  will  be  on  the  lixth 
Of  January,  to  which  is  annexed  the  Letter  F, 
which  will  be  the  Dominical  Letter  for  the  Year 
following  that  Leap-year  whofe  Dominical  Letter 
was  A. 

BY  this  means,  the  Biffextile  Year  returning 
every  fourth  Year,  the  Series  of  the  Dominical 
Letters  fucceeding  each  other  is  interrupted,  and 
does  not  return  in  order  'till  after  four  times 
feven,  or  Twenty  Eight  Years.  Hence  arifeth  the 
Cycle  of  28  Years,  which  is  called  the  Cycle  of  the  rheCydt 
Sun;  which  being  compleated,  the  Days  of  the  of  tie  Sun  9 
Months  return  in  the  fame  order  to  the  fame 
Days  of  the  Week.  In  this  Cycle  all  the  Biffextile 
Years  have  two  Dominical  Letters,  the  firft  of 
which  takes  place  till  the  24 th  or  25  th  of  February , 
and  the  other  ferves  for  all  the  reft  of  the  Year:  For 
in  the  BiJJextile  Year  the  2\th  and  25  th  of  Feb¬ 
ruary  are  efteemed  as  one  and  the  fame  Day^ 
and  both  of  them  have  the  fame  Letter  F  an¬ 
nexed  to  them ;  and  by  this  the  order  of  the 
Sunday  Letter  is  interrupted.  For  Example,  if  in 
the  beginning  of  the  Year,  the  Sunday  Letter  is 
E,  the  24 th  of  February  will  fall  upon  a  Monday , 
and  the  25 th  on  a  Tuefday ;  both  which  Days 
are  marked  with  the  Letter  F  ;  and  therefore 
the  following  Letter  G,  which  fhewed  the  Tuefday $ 
before,  will  now  point  out  the  Ffcdnefdays ;  and 
the  next  Sunday  will  fall  upon  the  fixth  of  March, 
to  which  in  the  Kflendar  is  annexed  the  Letter 
D;  which  wiil  point  out  the  Sundays  for  all  the 
reft  of  the  Year,  and  then  becomes  the  Domini- 
cal  Letter. 

THE  firft  Year  of  the  Cycle  of  the  Sun  is  a 
Biffextile,  and  the  Dominical  Letters  anfwering 
to  it  are  G  and  F.  For  the  fecond  Year  the 
Sunday  Letter  is  E ;  for  the  third  D  •  the  fourth 
C  ;  and  again  the  fifth  Year  of  the  Cycle  being 
a  Bi  fextile ,  has  two  Dominical  Letters  B  and  f  % 
and  fo  in  the  reft.  The  following  fmall  Table 
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Led urc  fheWs  what  Dominical  Letter  belongs  to  each 
XXIX.  Year  of  the  Cycle . 

_ _ - 


I 

GF 

5 

BA 

9 

DQ 

13 

FE 

17 

STG 

21 

CB 

2S 

ED 

2 
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Io 
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18 
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22 
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3 
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15 

C 

19 

E 

23 

G 

27 

B 

4 

C 

18 

E 

12 

t  G 

16 

B 

20 

D 

M 

F 

28 

,  A 

T  O  find  the  Tear  of  the  Cycle  of  the  Sun ,  for 
in ny  Tear  of  the  Chriftian  Era.  To  the  current 
Year  of  Chriji  add  9,  becaufe  from  the  beginning 
of  the  Cycle,  'till  the  firft  Year  of  Chrift,  there 
were  9  Years  paft :  Divide  the  Sum  by  28,  the 
Quotient  fhews  the  number  of  Cyclesi  that  have 
revolved  fince  the  lirft  Year  before  Chrift,  'till 
the  current  Year  ;  and  the  remainder,  if  there  be 
any,  is  the  current  Year  of  the  Cycle ;  but  if  there 
be  no  remainder,  than  28  is  the  current  Year  of 
the  Solar  Cycle . 

The  move -  BESIDES  the.  fixed  and  fettled  Feaft,  which 
able  Feafls.  are  always  on  certain  and  determined  Days  of 
the  Year,  there  are  other  Feafts  and  Holy-days, 
which  are  moveable,  and  in  different  Years  fall 
upon  different  Days  of  the  Month,  and  fome- 
times  in  different  Months  .*  Thefe  Holy-days  are 
not  regulated  by  the  Motion  of  the  Sun,  but 
by  that  of  the  Moon :  Such  was  the  Feaft  of 
the  Pajfover,  inftituted  by  God  himfelf,  for  the 
Jem  to  obferve  5  and  is  fuceeeded  by  the  Chri- 
the  Feajl  *^a!1  ^nfiery  *n  Memory  of  our  Saviours  Re- 
tj  taller,  furredion.  God  ordained  that  the  Pa  (lover  fhould 
be  Celebrated  in  the  firft  Month,  the  14 th  Day 
of  the  Month  at  Even.  See  Leviticus  Chap.  XIIL 
Now  the  Jewijh  Year  was  a  Lunar  Year,  and 
fo  ordered  by  Intercalary  Months,  that  the  Month 
whofe  fourtenth  Day,  or  whofe  full  Moon,  fell 
cither  on  the  Vernal  Equinox,  or  next  after  it, 
was  reckoned  the  firft  Month  of  the  Year.  The 
Chriftian  Church  was  willing  to  obferve  the 
fame  Method  in  celebrating  of  E  after.  But  yet 
to  diftinguifhed  it  from  the  Jemjh  Paffover, 
would  not  keep  the  feaft  on  she  14 th  Day,  bus 
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on  the  Sunday  after,  becaufe  our  Lord  rofe  upon 
the  Sunday  after  the  Paflover. 

THEREFORE  for  determining  the  time  for 
the  celebration  of  Eafter ,  we  muft  define  the 
Time  of  the  Equinox,  which  was  believed  to  be 
fixed  to  the  Twenty  firft  of  March ,  and  the 
Fathers  thought  it  could  never  happen  on  any 
other  Day  ;  and  therefore  they  made  their  IQt- 
lender  upon  that  fuppofition.  Then  they  called 
that  the  Pafchal  or  firft  Month,  whofe  14 th  Day 
or  Full  Moon  fell  on  the  Equinoctial  Day,  that 
is  on  the  11ft  of  March,  or  next  followed  the 
lift  of  March.  But  becaufe  the  Jevpijh  Months 
were  Lunar  Months,  the  14^  Day  immediate¬ 
ly  preceded  the  Full  Moon  ;  therefore  for  the 
Time  of  the  Obfervation  of  Eafter ,  we  muft  have 
a  regard  to  the  Motion  of  the  Moon,  and  the 
Times  of  New  Moons  and  Full  Moons  muft  be 
found.  The  Jews  had  no  other  way  of  finding 
the  New  Moon,  but  by  Obferving  it;  and  when 
the  Moon  firft  appeared  to  emerge  out  of  the 
Sun’s  Rays,  or  to  rife  in  the  Evening  Heliacly, 
that  Day  rhey  called  the  firft  Day  of  the  Moon 
or  Monrh.  The  Chriftiati  Church  computed  their 
Lunations  by  the  Metonicl '1  Cycle  of  19  Years; 
and  therefore  they  inferred  this  Cycle  in  their 
Calendars,  and  called  its  numbers  the  Primes  or  Gold - 
numbers,  by  which  they  determined  the  Times  of 
the  Lunations. 

THE  Metonicl ^  Cycle ,  called  fo  from  its  In¬ 
ventor  Meton ;  is  alfu  termed  the  Cycle  of  the 
Moon,  and  is  a  Period  of  19  Years,  which  when 
they  are  compleated,  the  New  Moons  and  Full 
Moons  return  on  the  fame  Days  of  the  Month  ; 
fo  that  on  whatever  Days  the  New  and  Full 
Moons  fall  this  Year,  19  Years  hence  they  will 
happen  on  the  very  fame  Days  of  the  Months, 
as  Meton  and  the  Fathers  of  the  Primitive  Church 
thought.  And  therefore  at  the  Time  of  the 
Council  pf  Nice,  when  the  way  of  fetling  the 
Time  for  Obferving  the  Feaft  of  Eafter  was 
eftablifhed  5  the  numbers  of  the  Lunar  Cycle  were 
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Lecture  inferred  in  the .  KjLlendar^  which  upon  the  account 
XXIX.  of  c^eiE  excellent  ufe,  were  fet  in  Golden  Letters* 
anci  £he  Year  of  the  Cycle  for  any  Year,  was 
called  the  Golden  Number  of  that  Year. 

THE  Golden  Numbers  were  placed  in  the 
Calendar,  according  to  the  following  Method  $ 
taking  any  Year  for  the  beginning  of  the  Cycle  % 
which  they  reckoned  by  the  number  i,  and  ob- 
ferving  every  Month  the  Days  on  which  the  New 
Moons  happened  that  Year,  juft  by  thofe  Days 
they  joined  the  Number  i.  And  becaufe  in  that 
Year  the  New  Moons  happened  on  the  Twenty 
third  of  January,  the  Twenty  firft  of  February,  the 
.Twenty  third  of  March  $  the  Twenty  firft  of 
April ;  the  IVenty  firft  of  May  $  the  Nineteenth 
pf  June,  and  fo  in  the  reft  ;  juft  by  thofe  Days 
in  the  Column  of  the  Golden  Number,  they  put 
the  number  1.  The  feeond  Year  obferving  the 
New  Moons,  to  the  Days  on  which  they  happened 
they  infcribed  the  Number  2,  vi%.  to  the  Twelfth 
'  of  January  ;  the  Tenth  of  February  •  the  Twelfth 
of  March ;  the  Tenth  of  April  *  and  fo  on  in  the 
reft  of  the  Months.  The  fame  thing  was  dot&e 
the  Third  Year,  annexing  the  Number  3  to  all 
the  Days  the  Moon  changed  in  that  Year,  and 
fo  on  in  the  following  Years,  ’till  the  whole  Pe¬ 
riod  of  19  Years  was  compleated.  But  the  moft 
accurate  difpofition  of  the  Golden  Numbers,  is 
by  the  Mean  Lunations,  as  they  are  fett  down 
in  the  Aftronomical  Tables,  for  every  Month  and 
each  Year  of  the  Lunar  Cycle ;  And  fixing  ac¬ 
cording  to  that  Computation  the  Character  of 
the  Year  to  each  Day,  on  which  the  Lunation 
happens. 

B  E  CAU  S  E  a  Lunar  Afironomical  Month  ..con- 
fifts  of  29  Days,  12  Hours,  44  Minutes  and  3 
Seconds ;  the  common  People,  who  cannot  di~ 
ftinguifii  the  fmall  Particles  of  Time,  do  make 
the  Lunar  Months  to  confift  of  intire  Days  with¬ 
out  Fractions,  and  on  that  account  they  alter¬ 
nately  put  one  Month  of  30  Days,  and  the  next 
of  29  Days,  thefe  are  called  Hollow  or  Cave,’ , 
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that  is,  deficient  Months,  the  others  Full  •  the  12  Leflure 
Hours  over  the  29  Days  requiring  this  alterna-  XXIX* 
tion  :  But  becaufe  rhea*e  are  44  Minutes  befides,  ^  y  -'O 
which  is  almoft  three  Quarters  of  an  Hour  in 
every  Lunation,  in  32  Lunations  thefe  Minutes 
will  make  up  a  whole  Day,  which  is  ro  be  ad¬ 
ded  to  a  Hollow  Month,  and  by  this  means  the 
Luxations  of  the  Calendar  will  nearly  agree  with 
thofe  of  the  Heavens. 

I  F  we  know  the  Year  of  the  Lunar  Cycle, 
which  in  our  Liturgy  is  called  the  Prime,  we 
have  the  Days  of  the  Moons  change  thro’out 
the  Year;  for  in  each  Month  the  Golden  Num¬ 
ber  or  Prime  is  fet  to  the  Day  the  change  hap¬ 
pens  on;  and  adding  to  that  14  Days,  we  Hiail 
have  the  Day  of  Full  Moon. 

THE  Antients  imagined  that  the  Cycle  of  19 
Years  did  exadtly  com  pleat  235  Lunations;  and 
therefore  after  the  Revolution  of  that  Time,  the  New 
Moons  not  only  fell  on  the  fame  Days  of  the 
Month,  but  likewife  on  the  fame  Hours  of  the 
Day,  which  is  not  true :  For  in  19  Julian  Years 
there  are  6939  Days  and  18  Hours.  But  if  to 
every  Lunation  we  allow  29  Days,  12  Hours, 

44  Minutes,  3  Seconds,  which  the  Motion  of 
the  Moon  requires;  235  Lunations  will  make  6939 
Days,  16  Hours,  31  Minutes,  and  45  Seconds. 

Therefore  235  Lunations  are  not  equal  to  19 
Julian  Years,  but  are  lets  by  one  Hour  and  art 
half.  And  confequently  the  New  Moons  after 
19  Years,  will  not  return  to  the  fame  Hour, 
but  will  be  an  Hour  and  an  half  fooner;  and 
in  304  Years  they  will  anticipate  a  whole  Dayr^ 

And  therefore  the  Golden  Number  will,  prccife- 
ly  enough  for  common  ufe,  {hew  the  Lunations  in 
the  fpace  of  three  Centuries,  without  the  Error 
of  one  Day.  In  the  Council  of  Nice,  when  the 
Cycle  of  the  Moon  was  fitted  to  the  IQilendar,  and 
fome  Centuries  afterwards,  it  did  nearly  enough 
give  the  Time  of  the  New  Moons.  But  the 
Lunations  in  every  304  Years,  anticipating  a, 
whole  Day,  they  now  happen  almoft.  five  Day*;. 
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ILedfcure  fooner  than  they  fhould  do,  according  to  the  Rule 
XXIX.  of  the  Golden  Number  :  Notwithftanding  of  this* 
VYV  the  Church  of  England  retains  the  way  of  com¬ 
puting  the  Lunations  by  the  Golden  Number,  as 
it  was  difpofed  in  the  Calendar  at  the  rime  of 
the  Nicene  Council :  And  the  New  Moons  com¬ 
puted  in  that  manner  are  called  Ecclefiaftical  New 
Moons,  to  diftinguifh  them  from  the  true  ones,  in 
the  Heavens :  And  the  general  Table  or  Rule  for 
Ending. Rafter  for  ever,  which  is  in  our  Liturgy, 
by  the  Golden  Number  and  Dominical  Letter,  is 
made  according  to  that  Difpofitiou  of  the  Golden 
Number.  ■ *  ; 

I N  the  firft  Ye^r  of  the  Chriftian  JE ra.  Two 
'was  the  Golden  Number  5  and  therefore  if  to  the 
current  vear  of  Chrift  we  add  1,  and  divide  the 
Sum  by  19,  the  Remainder  after  the  Quotient, 
will  give  the  Golden  Number. 

FROM  the  Cycles  of  the  Sun  and  Moon  multi¬ 
plied  into  orie  another,  arifes  a  third  Period  of 
532  Years,  which  is  call'd  the  Vittoriari  oy  Dio~ 
myfian  Period:  And  after  the  completion  pf  this 
Period,  not  only  the  New  and  Full  Moons  return 
to  the  fame  Days  of  the  Month  $  but  alfo  the 
Days  of  the  Months  return  to  the  fame  Days  of 
the  Week  ;  and  therefore  the  Jpominical  Letters, 
and  the  moveable  Feaft’s  return  again  in  the  fame 
Order.  Hence  this  Cycle  is  call'd  the  great  Paf- 
(sbal  Cycle, 

FOR  to  find  the  Year  of  the  Dionyfian  Period 
for  any  Year  of  Chrift,  to  the  current  Year  add 
the  Number  457,  an^  divide  the  Sum  by  532; 
the  Remainder  after  ?he  Quotient,  is  the  Year  of 
the  Period. 

IT  is  a  Problem  of  another  kind  :  Having  the 
Cycles  of  the  Sun  and  Moon ,  to  find  the  Tear  of 
the  Dionyfian  Period.  For  Example,  fuppofe  the 
Year  of  the  Cycle  of  the  Moon  to  be  17,  and  of 
the  Sun  21  :  For  to  folve  this  Problem,  it  is  re¬ 
quir'd  to  find  a  Number,  which,  when  it  is  di¬ 
vided  by  19  leaves  17*  and  when  it  is  divided  by 
£8  leaves  21,  for  to  fipd  this,  let  it  he  requir’d 
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to  find  two  Numbers,  one  of  which  will  divide  Le&ure 
exadfly  by  28,  without  a  Remainder,  but  when  XXIX. 
it  is  divided  by  19  leaves  17  ;  and  another  Num- 
ber  which  will  divide  exadUy  without  a  Remain¬ 
der  by  19,  but  when  it  is  divided  by  28  leaves 
21 :  It  is  plain  that  the  Sum  of  thefe  two  Num-* 
bers  will  anfwer  the  Qjueftion. 

-  W  E  will  here  {hew  the  Analytical  Inveftigatiori 
of  thefe  two  Numbers.  We  will  fuppofe  the  firlb 
Number  to  be  28  x ,  for  it  is  a  multiple  of  28  $ 
and  becaufe  this  Number  divided  by  1 9  leaves 
17  ;  if  we  take  17  from  it,  the  Remainder  di¬ 
vided  by  19  will  be  a  Number  ;  fince  then  19  di* 
vides  28  x  — 17,  and  it  alfo  divides  19  there¬ 
fore  it  will  divide  their  Difference,  which  is 

9  x  —  17  $  confequently  — ZZ~~  is  3  Number. 


19 


Call  that  Number  confequently  9  x 

4  ;  .  /  1  •  '  *  •  *  * 

and  9  *  =  $9  n  4-  17,  and 


x  — 


17  ==19  n9 
19  n  4  17 


»  •  *  r 

and  becaufe  x  is  an  intire  Number,  9  mud  div‘ 

1 9  w  — 17,  but  9  divides  1 8  »  -f-  9,  therefor  "  it 
will  divide  the  Remainder  n  4-  8,,  and  Thefe  tore 
11  — 8 

■ - -  is  a  Number.  Let  that  Number  be  i,  and 

9  . 

Zi  will  be  =  1,  and  x  =  4  ;  confequently 
28  x  =  1 12  =  to  the  firft  Number  to  be  found;1 
Suppofe  the  fecond  Number  to  be  197,  for  ic 

•  <  ‘  ;  '■  I  97 —  2 1 

muft  be  a  multiple  of  19,  therefore  - — — - - - 

i  ^  ,  •  2  CJ 

is  an  integer  Number  ;  fuppofe  it  to  be  n ,  than 

:  .  ;  -  :  28  21  1  4  -  ■ 

197 — 21=28  n,  and  7= - ,  which 

'  ^  '  19 

muft  likewifu  be  an  intire  Number,  and  therefore 

28  n  4-  21  will  be  divided  by  19  :  But  19  divides 

J9  n  -H  19,  wherefore  it  will  divide  the  Remainder 

9  n  4-2 .  .  1 "  •  1 

9  n  4-  2,  and - is  am  intire  Number :  Suppofe 

*  *9  i  i 

■>  .  ,  I  *  .  >  i ' 

19  p  - —  ^ 

It  =  p  then  is  9  n  +  % ,  1 9  j>,  and  n  = - - - 

:  :  V  *  «  •  i  '  v 

•  there- 
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Le&ure  therefore  9  rauft  divide  19  p —  2  ;  but  it  divides 
XXIX.  1 8.  p,  therefore  it  muft  alfo  divide  p  —  2,  and 

p  -  %■_ 

~ - is  an  Integer  or  o :  Let  it  be  equal  to  o,  then 


is  f  =  z  and 


19  p  —  z 


n  —  4,  and  19  28  n 


4-  21  —  133  5  therefore  one  of  the  Numbers  is 
1 12,  and  the  other  is  133,  whofe  Sum  is  245,  the 
Number  requir’d  :  And  whenever  the  Cycle  of  the 
Sun  is  2i,  and  that  of  the  Moon  17,  the  Year  of 
the  Dionyfian  Period  is  245; 

T  H  E  fame  Problem  may  be  otherwife  foived,’ 
by  ftated  and  conftant:  Multiplicators,  which  are 
fuch,  that  one  of  them  can  be  divided  by  28 
without  any  Remainder,  but  if  it  be  divided  by 
19  there  remains  1  :  The  other  will  divide  by  19 
without  a  Remainder,  but  when  it  is  divided  by 
28  there  is  a  -Remainder  of  12  Such  Numbers 
are  found  in  the  fame  way  as  the  preceding  Num-’ 
bers  were,  vi%.  I  fuppofe  the  firft  to  be  28  x,  and 
the  other  19  y  ;  wherefore  19  will  divide  the  Num¬ 
ber  28  x  — -  1,  without  any  Remainder,  and  therfore 
it  will  divide  9  a*  —  1  without  a  Remainder,  and  ^ 
9  x  —  1 

-  will  be  a  whole  Number ;  Suppofe  it  e- 


iyn  4-  1  n-\-  1 

-  therefore  ■ 


is 


19 

qua!  to  then  a 

^  9  '  -  •  9 

an  intire  Number,  and  the  leaft  Number  that  can 
be  put  for  n  is  8  :  Let  therefore  n  =  8,  and.  a  be- 
19  n  -f-  l 

ing  =  * - -muff  be  17,  therefore  the  firft 

/ 

Number  being  28  x,  will  be  476.  Again,  let 

[397  — 1  28 »+-  1  _  . 

"  “  ~  ,  iuppofe 


28 

9  n  -4-1 
19 


=  n,  then  y 
p,  then  is  n  : 


19 

1 9  P  1 


,and 


p—  1 


1$ 


9  9 

either  a  whole  Number  or  nothing  5  let  p  —  1  ~  o, 

19  p  —  1 

and p  —  1, then  n  =  - — - =  2,  and  19^  =  28  n 

57.  Therefore '  the  two  Numbers  thae 

>  *  ■  were 
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were  to  be  found,  are  47 6  and  57.  And  beeaufe  Ledture 
the  Number  476  divided  by  19  leaves  1,  if  it  be  XXIX* 
multiplied  by  any  Number  lefs  than  19,  and  the 
Product  be  divided  by  19,  there  will  remain  the 
Number  which  multiplies  it.  In  like  manner,  be¬ 
cause  57  divided  by  2,8  leaves  1,  if  57  be  mul¬ 
tiplied  by  any  number  lefs  than  28,  and  the  Pro- 
dudt  be  divided  by  28,  there  will  be  left  that 
Number  vvhich  multiplied  57.  Hence  we  draw 
this  general  Rule  for  finding  the  Year  of  the  Dio- 
yyfian  Period.  Multiply  the  Cycle  of  the  Sun  by 
57,  and  the  Cycle  of  the  Moon  by  476  ;  divide  the 
Sum  of  the  Produces  by  532,  the  Remainder  af¬ 
ter  the  Quotient  will  be  the  Year  of  the  Diony- 
fian  Period. 

BESIDES  the  Cycles  of  the  Sun  and  Moon, TV  Cycle  ef 
there  is  another  Period  of  Years,  which  is  ealledf/i^^w* 
the  Cycle  of  Indications,  vvhich  the  Romans  ufed, 
and  has  no  Connection  with  the  Celeftial  Mo¬ 
tions,  but  is  a  Revolution  of  15  Years,  which  be¬ 
ing  compleated,  it  begins  again.  It  is  frequent¬ 
ly  mentioned  in  the  Imperial  and  Pontifical  Diplo¬ 
ma's.  The  Year  before  the  Birth  of  Chrift  the  In¬ 
dication  was  3,  and  therefore  if  to  the  Year  of 
ChrilE  you  add  3,  and  divide  the  Sum  by  15,  the 
Remainder  (hews  the  Year  of  the  Indication.  If 
there  be  no  Remainder,  thelndidtion  is  15. 

OF  thefe  three  Cycles  of  the  Sun,  Moon,  and  The  Julian 
Indication,  by  their  mutual  Multiplication,  the  Ju~  I>cnod’ 

[ian  Period  of  7980  Years  is  cotnpofed.  This  Pe¬ 
riod  had  its  beginning  764  Years  before  the  Cre¬ 
ation^  and  is  not  yet  compleated,  and  therefore  it 
comprehends  all  other  Periods ,  Cycles  and  Epcches # 
and  the  Times  of  all  memorable  Adtions  and  Hi- 
ftories.  There  is  but  one  Year  in  the  whole  Pe¬ 
riod,  which  has  the  fame  Numbers  for  the  three 
Cycles  of  which  ic  is  made  up  ;  and  therefore  if 
the  Hiitorians  had  remark’d  in  their  Annals  the 
Cycles  of  each  Year,  there  had  been  no  Difpute 
about  the  time  of  any  Adtion.  r  ‘  ■  From  the 

THE  Year  before  the  Birth  of  Chrift  was  Tearofctrji 
the  4713th  Year  of  the  Julian  Period.  Andtherfore 

.  .  :  i frioa. 
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Le&ure  if  to  the  current  Year  of  Chrift  we  add  4713,  the 
XXIX.  Sum  will  be  the  Year  of  the  Julian  Period:  On 
X^V*^  the  contrary,  from  the  Year  of  the  Julian  Period* 
From  the  fufc>ftra&  4713,  there  will  remain  the  Year  of 
tbiTear  Chrift  an  Era, 

•fibe} uliaa  Having  the  Years  of  the  Cycle  of  the  Sun,  Moon^ 
and  Indicftion,  to  find  the  Year  of  the  J«/i4»Period. 

This  Problem  may  be  folved  in  the  fame  manner  as 
we  fttew’d  in  the  like  Cafe  about  the  Dionyfian  Pe¬ 
riod,  yi%,  by  finding  3  Numbers,  fuch  as  the  firft  is 
a  Multipie  of  19  and  15,  or  of  their  Produdb  285* 
but  being  divided  by  28,  leaves  the  Number  of  the 
Cycle  of  the  Sun  for  a  Refid uc.  The  fecond  Number 
Uiuft  be  a  Multiple  of  28  and  1 5,  or  of  their  Product 
420,  but  being  divided  by  19  leaves  the  Year  of 
the  Cycle  of  the  Moon.  Lajllyt  The  third  muft 
be  a  Multiple  of  28  and  19,  but  being  divided  by 
1 5  leaves  the  Year  of  the  Indi&ion  :  The  Sum  of 
thefe  Numbers  if  lefs  than  7980,  is  the  Year  of  the 
Julian  Period.  But  if  the  Sum  be  bigger,  divide 
by  7980,  and  the  Remainder  will  be  the  Year  of 
the  Period  required. 

T  H  Problem  may  likewife  be  folved  by  con- 
ftant  andftated  Multiplicators,  the  firft  of  which 
is  a  Multiple  of  the  Number  285,  but  divided  by 
a 8  leaves  j.  The  fecond  is  a  Multiple  of  42  cy 
but  divided  by  19  leaves  1  fora  Refidue.  The 
third  is  a  Multiple  of  532,  but  being  divided  by 
15  leaves  for  a  Remainder  1.  Thefe  Numbers 
are  to  be  found  by  the  fame  Method  we  Ihew’d  in 
our  former  Problem ,  concerning  the  Dionyfian  Pe¬ 
riod,  and  are  4845,  4200,  6916  ;  which  being 
onee  found,  the  Canon  or  Rule  for  finding  the 
Year  of  the  Julian  Period  from  the  Years  of  the 
Cycles ,  is  this  ;  Multiply  the  Number  4845  by  the 
Year  of  the  Cycle  of  the  Sun,  and  the  Number 
4200  by  the  Year  of  the  Cycle  of  the  Moon  ;  like- 
wife  the  Number  6916  by  the  Year  of  the  Indi- 
&ion.  Divide  the  Sum  of  thefe  Produ&sby  7980, 
neglecting  the  Quotient,  the  Remainder  will  ba, 
the  Year  of  the  Julian  Period  required.  Exam¬ 
ple*  In  the  Year  1 7 19^  the  Year  of  the  Cycle  of  the 
r'  '  '  ' "  •  >  \  5  '  4'  '  SuR 
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Sun  is  19,  of  the  Moon  9,  and  of  ttie  Indi&ion  Le&uni 
11 5  multiply  4845  by  19,  the  Produft  is  92,05 5,  XXX. 
and  4100  being  multiplied  by  9,  the  Produdfc  is  v^V>^! 
378  00  ;  and  laftly,  6916  being  multiplied  by  1 1,  the 
Produdfc  is  76076.  The  Sum  of  the  Produces  is 
205931,  which  being  divided  by  7980,  will  have  a 
Remainder  of  6431  Years,  which  is  the  Year  of 
the  Julian  Period. 


LECTURE  XXX. 

An  Appendix  containing  a  Defcription  and 
VJ'e  of  both  the  Globes;  together  with 
fvfne  Spherical  Problems,  that  are  tole 
folved  bj  a  Trigonometrical  Calcu¬ 
lation. 

F  the  Things  which  pertain  to  the 
Globes ,  fome  are  common  to  both 
Globes ,  fome  are  peculiar  to  one  of 
the  Two :  And  thofe  Things  that  are 
common  are  either  without  the  Sur¬ 
face,  or  painted  on  the  Surface. 
Without  the  Surface  of  the  Globes,  are  to  be  feen. 

FIRST,  the  ttvo  Poles,  about  which  the  Globes 
revolve,  the  one  is  the  ArHicl^ Pole,  named  fo  from 
the  two  Bears  that  are  nigh  to  it,  and  is  called 
likewife  the  Septentrional  or  North-Pole,  from  the  Sep - 
tern  triones,ov  the  feven  Stars  of  Charless  "Wain.-The 
ether  oppofite  to  it,  is  called  the  AntarSlicl^Volc. 

SECONDLY,  The  Brazen  Meridian,  and 
one  f de  of  it  only,  which  is  diitinguilhed  and  di¬ 
vided  into  Degrees,  and  which  palfes  through  the 
Poles,  reprefents  the  true  Meridian  ;  and  this  fide 
is  always  to  be  turned  to  the  Eaft,  and  the  North- 
Pole  to  the  North,  The  Meridian  is  divided  into 

four 
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Lediure*  four  Quadrants  of  90  Degrees,  two  of  which  ate 
XXX.  reckoned  from  that  part  of  the  Equinoctial  that  is 
above  the  Horizon,  towards  each  of  the  Poles  3 
the  other  two  Quadrants  have  their  Divifions  of  90 


Degrees,  beginning  at  the  Poles  and  ending  in 
the  Equator, 

THIRDLY,  The  wooden  Horizon,  whofe 
upperfide  does  only  reprefent  the  Horizon,  and  is 
divided  into  feveral  Circles,  the  innermoft  of 
Which  contains  the  twelve  Signs  of  the  Zodiackj 
diftinguilhed  by  their  Names  and  Characters,  and 
each  Sign  is  divided  into  30  Degrees.  Next  to 
this  is  joyn’d  two  Circles,  with  the  Julian  and 
,  Gregorian  Kalendars,  difpofed  according  to  their 
Months  and  Days.  The  outermoft  is  a  Circle 
•with  all  the  Points  of  the  Compafs,  and  the 
iWinds  as  they  are  denominated  by  the  Seamen. 

FOURTHLY,  A  Brafs  Quadrant  of  Alti¬ 
tude,  whofe  Edge  is  divided  into  Degrees,  and  is  to 
be  faften’d  to  the  Meridian  at  the  90th  Degree 
from  the  Horizon  ;  from  which  the  Degrees  are 
number’d  upon  it  upwards  to  the  Zenith. 

FIFTHLY,  The  Horary  Circle  divided 
into  twice  twelve  Hours:  The  12th  Hour  ac 
Noon  is  upon  the  upper  part  of  it,  at  the  Meri¬ 
dian,  and  the  12th  at  Night  is  on  the  Meridian  at 
the  lower  fide  towards  the  Horizon.  The  Pole 
carries  round  the  Hand  which  fhews  the  Hour, 
and  is  in  the  Center  of  the  Circle  :  The  Hours  up¬ 
on  the  Eaft-fide  of  the  Meridian,  are  the  Morn¬ 
ing  Hours,  thefe  on  the  Weft-fide  are  the  Hours 
after  noon. 


SIXTHLY,  The  Mariner’s  Compafs  is 
fixed  upon  the  Pediment  or  Wooden-Frame,  which 
contains  the  Globe,  and  by  it  the  Globe  is  put  in 
a  right  Pofition  in  refpedi  of  the  Points  of  the 
Heavens. 

SEVENTHLY,  The  Semicircle  of  Pofition^ 
whofe  Extremities  are  fixed  to  the  Points  of  North 
and  South,  fo  that  the  Semicircle  can  be  moved 
freely  from  the  Horizon  to  the  Meridian,  and  may 
be  raifeet'  to  any  Pofition,;  Thefe  things  we  have 

deferibed 
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dufcribed.  are  without  the  Globe.  Bittern  the  Sur-  Le&ure 
faces  are  delineated  the  things  following.  XXX. 

FIRST,  The  Equinodial  Circle  divided  into 
360  Degrees  $  the  Numbers  begin  at  the  Vernal 
Interifedion,  or  at  the  firft  of  Y,  and  are  continued 
'till  they  return  to  the  fame.  > 

SECONDLY,  The  Ecliptick  divided  into 
ii  Signs,  and  each  Sign  into  30  Degrees,  their 
Names,  Characters  and  Order  are  to  be  learned  : 
they  are, 

T  &  H 

Aries ,  or  the  Jt(a m.  Taurus ,  or  the  Bull.  Gemini ,  of 
©  SI 

the  Twins.  Cancer ,  or  the  Crab .  Leo,  the  Lion. 

^  m 

Virgo  the  Virgin .  Libra  the  Balance .  Scorpius  the 

s  w 

Scorpion.  Sagittarius  the  Archer.  Capricornus  thb 

AW  V 

.  ^ 

Goat.  Aquarius  the  Water-bearer.  Pifces  the  FijkeL 


| 

1 


THE  Sun  in  his  annual  Motion  paffes  rhrcf 
the  Ecliptick,  and  if  we  add  to  it  a  broad  Space 
of  about  eight  Degrees  on  each  fide,  we  have  the 
Zodiack,  in  which  are  the  12  Ajierifms  or  Con- 
ftellations,  the  moft  of  which  have  the  likenefs  of 
fome  living  Creature  ;  upon  which  Account  the 
Zodiack  has  its  Name.  In  this  broad  Circle  the 
Moot*  and  all  the  Planets  perform  rheir  Motions : 
The  Ecliptick  is  to  be  diftinguifhed  from  the  E- 
quinodial  Circle  by  this,  that  the  Equincdial, 
while  the  Globe  is,  turned,  does  always  cut  the 
Meridian  and  the  Horizon  in  the  fame  Points. 
But  the  Ecliptick  conftantly  changes  its  Pofition; 
fometimes  while  the  Globe  is  turning  it  is  high, 
fometimes  it  is  low,  fometimes  it  cuts  the  Equa^ 
tor  and  the  Hcfrizon  in  one  Degree,  fometimes  in 
another. 

T  H  1  R  D  L  Y,  There  arc  the  two  Tropicks  of  eg 
and  Vp,  which  are  the  Limits  or  Boundaries  of  the 
Sun’s  Deviations  from  the  Equinodial,  cither  to- 
tvatds  North  or  South,  including  between  them 
•  .  i  1  .  the 
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JLedfcure  the  Oblique  Courfe  of  the  Sun,  that  is  the  Eclip- 
XXX*  tick,  and  may  be  called  the  outermoft  of  the 
Sun's  Parallels.  For  becaufe  the  Sun  every  Day 
pafles  to  a  different  Degree  of  the  Ecliptick  in  its 
Annual  Motion,  that  Degree  with  the  Sun  in  it, 
being  carried  round  the  Eatth  by  the  Diurnal 
Revolution  of  the  Heavens,  Will  defcribe  a  Cir¬ 
cle  Parallel  to  the  Equator,  and  then  there  muft 
fee  lo  many  Parallels,  as  there  are  Days  from  the 
longeft  to  the  fhorteft  ;  tho*  the  Sun  does  not  re¬ 
main  for  a  Day  in  one  Point  of  the  Ecliptick,  but 
is  continually  advancing  forward  ;  and  therefore 
does  not  defcribe  a  perfect  Parallel,  but  rather  a 
Spiral  Line  :  But  the  Diftance  between  each  Spire 
being  but  very  fmall,  efpecially  near  the  Tropicks, 
we  may  well  fuppofe  the  fingle  Revolutions,  but 
efpecially  the  outermoft,  to  be  Parallels  ;  which  is 
fufficient  for  common  Ufe,  and  is  moft  convenient 

FOURTHLY,  Thetwo  Polar  Circles  the 
Ar&ick  and  Antar&ick,  which  have  been  explairi- 
ed  in  our  VII  and  XVllI  LeSture .  Thefe  things 
we  have  here  mention’d,  are  common  to  both 
Globes ,  tho'  the  Ecliptick  and  the  Semicircle  of  Po¬ 
rtion,  do  properly  belong  only  to  the  Celeftial  Globe • 
yet  they  are  put  upon  the  Terreftrial  Globe  alfbj 
that  the  Phenomena  which  depend  upon  the  Mo¬ 
tion  of  the  Sun  and  the  Points  ot  Cufps  of  the 
Houfes,  may  be  thereby  explain’d,  if  needful. 

THOSE  things  which  are  peculiar  or  proper 
to  one  fort  of  Globe ,  are  Partly  fome  Circles  or 
Curve  Lines,  as  in  the  Celeftial  Globe ,  the  two  Co- 
lures ,  and  the  Circles  of  Latitude .  In  the  Terre¬ 
ftrial  the  Meridian’s,  Parallels  and  Rumbs  :  Part¬ 
ly  the  Reprefentations  in  the  Terreftrial  Globe,  of 
Seas,  Iflands  and  Countries,  which  we  leave  to  the 
Geographers  to  defcribe.  In  the  Celeftial  Globe  the 
Figures  of  the  Conftellations  are  painted,  and  the 
Stars  reprefented  in  the  fame  Order,  Magnitude 
and  Portion,  they  have  in  the  Heavens.  Thete 
have  enumerated  in  our  VII  Leciure , 

HAVING 
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HAVING  defcribed  the  Globes ,  Xve  tome  Ledlure 
how  to  (hew  their  Ufe,  which  is  manifold  ;  but  for  XXX. 
bur  prefent  Purpofe,  it  is  chiefly  contained  in  the 
:  following  Problems.  ... 

PROBLEM  I.  Having  a  place  in  tf)e  Terre* 
ftrial  Globe,  to  find  its  Longitude  and  Latitude . 

Turn  the  Globe  'till  the  Place  comes  to  the  Meri¬ 
dian  (I  mean  to  the  Eaftern  fide  of  the  Brafs  Meri¬ 
dian  )  and  the  Degree  of  the  Equator  which  is 
then  under  the  Meridian,  whatever  Number  it  is 
mark’d  by*  (hews  the  Longitude  of  the  Place;  then 
upon  the  Meridian  count  up  from  the  Equator  the 
Degrees  mark’d,  ’till  you  come  to  the  Place,  anc| 
you  have  the  Latitude,  which  will  be  North  Lati¬ 
tude,  if  the  Place  be  on  the  North  fide  ;  or  South¬ 
ern^  if  it  lies  upon  the  Southern  fide  of  the  E- 
quatcr. 

PROBLEM  II.  Having  the  Longitude  and 
Latitude ,  to  find  out  the  Place  on  the  Terreftrial 
Globe  to  which  they  belong  :  Seek  in  the  Equator 
the  Degree  of  Longitude  that  is  given*  and  bring 
it  to  the  Meridian ;  then  count  from  the  Equator 
on  the  Meridian  the  Degree  of  Latitude  given, 
towards  the  Ardtick  or  Antardfick  Pole,  accord¬ 
ing  as  the  Latitude  is  either  North  or  South, 
and  under  that  Degree  of  Latitude  lies  the  Place, 
that  was  to  be  found. 

PROBLEM  III.  To  reHify  both  Globes,  and 
fet  them  to  a  given  Latitude  or  Elevation  of  the  Pole  * 
and  to  apply  the  Quadrant  of  Altitude  to  the  Vertical 
Point ;  and  to  place  the  Globes  according  to  the  Point: 
of  the  Compafs,  by  Help  of  the  Nccdlt.  If  the 
Latitude  of  the  Place  be  North,  raife  the  ArcHck 
Pole  above  the  Horizon  ;  But  for  a  South  Latitude, 
you  muft  raife  the  Antar&ick  :  Then  from  the  ele¬ 
vated  Pole,  count  upon  the  Meridian  towards  the 
Horizon,  the  Degrees  of  the  Poles  Elevation  ; 

I  and  that  Point  where  the  Reckoning  ends,  bring 
to  the  Horizon,  arid  then  the  Globe  is  adjufted  to 
a  due  Elevation.  Count  from  the  Equator  on 
the  Meridian  the  ‘Latitude  required,  and  there 
will  be  the  Vertex  of  the  Place,  or  the  Zenith, 
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Lecture  To  this  Point  of  the  Meridian  fafteti  the  Qua- 

xxx.  drantof  Altitude,  with  the  Screw  which  is  at  the 
erld  of  it,  fo  that  the  Edge  of  the  Quadrant  which 
is  divided  into  Degrees  may  be  join’d  to  this  Point. 
LdJUy>  Turn  the  whole  Frame  in  which  th e  Globe 
is  with  its  Pediment,  ’till  the  Magnetick  Needle 
lie  in  the  Plane  of  the  Meridian,  fo  that  the 
North  Point  of  the  Horizon  of  the  Globe  be  turn’d 
Northwards'  ;  then  will  the  reft  of  the  Points  on 
the  Horizon  of  the  Globe  agree  with  the  corre- 
fponding  Points  of  the  Horizon  of  the  Place. 

P  B  L  E  M  IV.  To  find  for  an)  Day  of  the 
Tear  the  Degree  or  Place  of  the  Sun  in  the  Ecliptic^ 
by  the  Help  of  the Calendar ,  and  the  Circle  of  Signs 
#djoirid ;  and  then  to  mark  it  upon  the  Ecliptick. 
Seek  in  the  wooden  Horizon,  the  Month  and  Day 
given,  but  take  care  to  diftinguilh  the  Julian  and 
Gregorian  Ka’endars,  that  you  ha  ay  not  miftake  the 
One  for  the  other  :  Then  in  the  innermoft  Circle, 
‘which  is  the  Circle  of  Signs,  over-againft  the  Day* 
you  will  fee  the  Degree  and  Sign  in  which  the 
Sun  is  that  Day.  In  the  Ecliptick  which  is  drawn 
upon  the  Surface  of  the  Globe ,  feek  firft  the  Sign, 
$nd  then  the  Degree  of  the  Sun’s  Place.  The 
place  of  the  Sun  is  more  accurately  found  out  by 
an  ■  Ephemeris,  which  is  made  for  each  Year,  or 
elfe  it  may  be  calculated  by  Agronomical  Tables. 

P  F{  0  B  L  EM  V.  To  find  the  right  Afcenfion 
itind  Declination  of  the  Sun ,  or  any  Star  ;  and  by  that 
means  to  adjuft  the  Hand  which  points  the  Hours  to 
the  twelfth  Hdur.  Bring  the  Sun’s  Place  in  theE- 
diptick,  found  by  the  iaft  Problem ,  to  the  Meri¬ 
dian,  and  mark  the  Degree  of  the  Equator  which 
is  then  under  the  Meridian,  that  will  be  the  right 
Afcenfion  of  the  Sun :  Then  compute  from  the 
Equinccftiai  on  the  Meridian,  the  Number  of 
Degrees  to  the  Place  of  the  Sun,  they  will  (hew 
the  Sun’s  Declination,  which  will  either  be  North 
of  South,  as  the  Sun  is  on  this  of  the  other  fide 
of  the  Equator.  When  the  Place  of  the  Sun  is  in 
the  Meridian,  turn  the  Hour-hand  upwards  ’til! 
it  comes  to  §4ie  twelfth  Hour  at  Noon,  After  the 
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fame  manner  bring  the  Place  of  any  fixed  Star  to  Lecture 
the  Meridian,  and  you  fliall  find  its  right  Afcen-  XXX. 
Eon  on  the  Equator,  and  its  Declination  on 
Meridian.  Having  the  Place  of  the  Sun,  we 
fhew’d  how  to  find  its  fight  Afcenfion  and  Decli¬ 
nation  by  Trigonometry  in  our  XIX  Letlure. 

PROBLEM  VI  .To  find  the  Meridian  AltL  i 

tude  of  the  Sun,  or  any  fixed  Star  by  a  Quadrant ,  o / 
any  other  Infirument  fit  for  the  Purpofe.  We  fhew’d 
the  Method  of  obferving  the  Sun’s  or  4  Star’s  Al¬ 
titude  in  Lefluro,  XIX. 

P  BO  B  LEM  VII.  Having  the  Declination  and 
Meridian  Altitude  of  the  Sun ,  or  of  a  fixed  Star ,  fo 
find  the  Latitude  of  the  Place  or  Height  of  the  Pole 
above  the  Horizon.  The  Method  of  finding  the 
Latitude  by  Observation  was  likewife  explain’d 
in  LePlure  XIX. 

PROBLEM  VIII.  Having  the  right  Afcen- 
fion  of  the  Sun  and  of  a  fixed  Star  :  To  find  the  Time 
when  the.  Star  culminates  or  conies  to  the  Meridian „ 

Subftradl  the  right  Afcenlion  of  the  Sun  from  the 
right  Afcenfion  of  the  Star,  adding,  if  needful,  360 
Degrees  ;  and  there  will  remain  the  Arch  of  the  E« 
quator  that  has  paffed  the  Meridian  between  Noon 
and  the  time  of  the  Culmination  :  turn  this  Arch  in¬ 
to  Time,  by  dividing  the  Degrees  by  15,  and  the 
Quotient  gives  the  Hours ;  then  multiply  the  re«, 
maining  Degrees  by  4,  and  you  have  the  Minutes. £ 
and  likewife  divide  the  Minutes,  which  are  the  Parts 
of  Degrees, by  1 5,  and  the  Quotient  gives  theHorary 
Minutes :  And  if  there  be  any  Minutes  of  Degrees 
remaining  after  the  Divifion,  multiply  them  by.  4, 
and  you  have  the  Horary  Seconds  :  The  ti  ne  made 
up  of  thefe  Hours,  Minutes  and  Seconds  fliews  the 
Moment  of  the  Culmination  of  the  Star. 

P  I{0  B  L  E  M  IX.  Having  the  Place  of  the  Sun, 
or  any  Star ,  to  find  its  Oblique  Afcenfion.  and 
Defcenfion  ;  as  alfo  its  Eaftern  and.  IVeftern  Ampli¬ 
tude.  Bging  the  Place  of  the  Sun  or  Star  to  the 
Horizon  in  the  Eaft,  and  mark  the  Point  of  the 
Equator  thatrifeth  with  it ;  it  will  be  its  Oblique, 

Afcenfion  :  then  count  from  the  Point  of  Eaft  up^ 

i  t  »  ■  \  ...  /— , 
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Tenure  on  the  Horizon,  to  the  Place  of  the  Sun  or  Star  j 
XXX.  the  Degrees  intercepted  will  be  the  Eafterrt 
Amplitude.  If  you  bring  the  Place  of  the  Sun  or 
Star  to  the  Weftern  fide  of  the  Horizon,  rheDe- 
greeof  the  Equator  which  goes  down  with  it,  is 
the  Oblique  Defcenfion;  and  the  Arch  of  the  Ho^ 
-rizon  between  the  Weft  Point  and  the  Place  of  the 
Sun  or  Srar,  is  the  Weftern  Amplitude. 

THE  Trigonometrical  Solution  of  the  Problem 
is  this :  Let  HPOP  be  the  Meridian  M  Q  the 
Equator,  P  the  Pole,  S  the  Sun,  or  Star  in  the  Ho- 
^XXVI  rizon,  whofe  Declination  is  S  R  ;  or  the  Point  of 
Eaft  or  Weft.  In  the  right-angled  Triangle 
or  R  S,  we  have  the  fide  R  S  the  Declination  of  the 
Sun  or  Star,  and  the  Angle  R  or  S,  which  the  E- 
quator  makes  with  the  Horizon,  and  is  equal  to 
the  Complement  of  the  Latitude  ;  whence  we 
lhall  find  the  Arch  or  R,  which  is  the  Alcenfio- 
nal  Diflference  of  the  Sun  or  Star  $  which,  added 
to  the  right  Afcenfion,  or  fubftratfted  from  it,  ac¬ 
cording  as  the  Sun  or  Star  is  towards  the  depref¬ 
led  or  elevated  Pole,  gives  the  oblique  Afcenfion. 
[We  (ball  have  moreover  in  the  fame  Triangle,  the 
Arch  or  S,  the  Amplitude  of  the  Sun  or  Star.  The 
Afcenfionai  Difference  added  to  a  Quadrant,  or 
fubftratfted  from  it,  according  as  the  Sun  or  Star 
is  towards  the  elevated  or  deprefled  -Pole,  gives  the 
Semidiurnal  Arch  5  which  being  turned  into  Time, 
Ihews  the  Time  of  half  the  Stay  of  the  Sun  or 
Star  above  the  Horizon.  - 

PROBLEM  X.  Having  the  Afcenfion s  of  the 
Sun  or  Star ,  both  Bjght  and  Oblique ,/  to  find  the 
half  Time  of  their  Stay:  above  the  Horizon  :  As  alfo 
the  Length  of  Day  and  Night ,  and  the  Time  of  Sun - 
rifing  and  fitting.  Take  the  Difference  of  the  Ob¬ 
lique  and  Right  Afcenfion,  and  we  {hall  have  the 
Afcenfionai  Diflference  5  convert  it  into  Time,.. as  we 


jfliew’d  in  the  Vlllth  Problem ,  which,  when  the 
Sun  or  Star  declines  to  the  elevated  Pole,  is  to  be 
added  to  fix  Hours  ;  but  if  to  the  deprefled  Pole ,  it 
is  to  be  fubftra&ed  from  fix  Hour  ;  and  we  lhall 
have  half  the  Time  of  the  Stay  of  the  Sun  or  Star 
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above  the  Horizon  :  and  its  Complement  to  izHours,  Le&ur$ 
is  half  the  Time  it  abides  under  the  Horizon  :  Half  XXX* 
the  Time  of  the  Surfs  Stay  above  theHorizon, being  VrV>Nj 
i  computed  from  Noon,  gives  the  Time  of  Sun  fet- 

!ting  ;  and  half  the  time  of  the  Sun’s  Stay  under 
the  Horizon  computed  from  Midnight,  gives  the 
Hour  of  the  Sun’s  riling  ;  and  the  half  Time 
of  the  Sun’s  Stay  above  the  Horizon  being 
doubled,  gives  the  Length  of  the  Day  ;  and  the  half 
,Time  of  the  Stay  below  the  Horizon  doubled, 
gives  the  Length  of  the  Night.  If  you  put  the 
Hour-hand  to  the  12th  Hour,  when  the  Place  of 
the  Sun  is  in  the  Meridian,  and  turn  the  Globe. 
round,  ’till  the  Place  of  the  Sun  comes  to  the 
Eaftern  fide  of  the  Horizon,  the  Hand  will  point; 
out  the  Hour  of  Sun- riling  :  Bring  it  to  the  We- 
ftern  fide  of  the  Horizon,  and  the  Hand  will  fhew 
the  Time  of  Sun-fetting  ;  from  which  it  is  eafy  to 
compure  the  Length  of  Day  and  Night. 

P  B^OB  LEM  XI.  Having  the  Time  of  the  Cul- 
mination  of  a  Star ,  and  of  its  half  Stay  above  the  Ho - 
ri^on  ;  To  find  the  Hour  of  its  rifing  and  Jotting. 

If  from  the  Time  of  the  Star’s  Culmination,  you 
fubftraeft  the  Time  of  the  half  Stay  above  the  Ho¬ 
rizon,  you  will  have  the  Hour  wherein  the  Star 
rifeth  :  If  you  add  that  Time  to  the  Time  of 
the  Culmination,  you  (hall  have  the  Time  of  the 
Star’s  fetting,  which  in  both  Cafes  is  computed 
from  Mid-Day.  Or,  if  when  the  Place  of  the  Sun 
culminates,  you*  bring  the  Hour-Hand  to  the 
twelfth  Hour,  and  then  turn  round  the  Globe ,  ’till 
the  Star  comes  to  the  Eaftern  or  Weftern  fide  of 
the  Horizon,  the  Hand  will  point  to  the  Hour  of 
the  rifing  or  fetting  of  the  Star. 

PROBLEM  XII.  To  find  the  Degree  of  the 
Ecliptic 4,  which  rifes  or  fets  with  a  given  Star  ■  and 
from  thence  to  determine  its  Cofmical  and  Acronycal 
rifing  and  fetting.'  Bring  the  given  Star  to  the 
Eaftern  or  Weftern  fide  of  the  Horizon,  and  mark 
what  Degree  of  the  Ecliprick  rifes  or  fets  with  it  ; 
then  in  the  wooden  Horizon  look  for  that  Sign 
and  Degree  which  rafe  or  Let  with  the  Star,  and 


over- 
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JLedlure  over-againft  it  in  the  Kalendar,  you  will  find  the 
XXX  Month  and  Day  of  the  Cofmical  rifing  of  the  Star. 

vvv  And  if  you  look  in  the  fame  Horizon  the  Point 
oppofite  to  the  riling  Point  ;  over-againft  it  in  the 
Kalendar  you  {hall  have  the  Month  and  Day  of 
its  Cofmical  fetting.  So  iikewife  over-againft  the 
Degree  that  fets  with  the  Star,  you  will  find  the 
Day  and  Month  of  the  Acronycal  fetting,  and 
the  oppoike  Degree  will  fhew  in  the  Kalendar  the, 
Day  and  Month  of  the  Star’s  Acronycal  riling. 

Tablexxvi  THE  Trigonometrical  Solution  of  the  Problem  is 
3*  this  :  Let  HO  be  the  Horizon,  HZO  the  Me¬ 
ridian,  iEQ.  the  Equator,  EC  the  Ecliptick. 
T  the  Point  of  InterledHon  of  the  Equator  and 
Ecliptick  ;  A  the  Point  of  the  Ecliptick,  which 
rifes  with  the  Star,  and  the  Point  of  the  Equator 
which  rifes  with  the  Star,  fuppofe  to  be  or.  In 
the  Triangle  Tor  A,  we  have  Tor  the  oblique 
Afcenlion  of  the  Star  ;  and  the  Angle  T  the  Incli¬ 
nation  of  the  Equator  and  Ecliptick  ;  and  the  An- 
gle  T  or  A,  the  height  of  the  Equator  above  the 
Horizon,  or  its  Complement  to  two  right  Angles. 
Hence  we  fliall  find  the  Arch  of  the  Ecliptick  Y  A, 
and  the  Point  of  it  A  which  rifes  with  the  Star. 
But  by  the  Kalendar,  or  an  Eghemeris,  we  have 
the  Time  when  the  Sun  is  in  that  Point*  and 
therefore  we  have  the  Time  when  the  Star  rifes 
CofmicaOy  ;  we  have  Iikewife  the  Angle  Y  A* 
or  the  Angle  of  the  Ecliptick  and  the  Horizon  at 
the  riling  Point.  When  the  Sun  is  in  the  Point  oppo- 
Ere  to  the  Point  A,  then  the  Star  rifes  Acronycally  * 
And  by  a  like  Calculation^  we  lliall  find  the 
tTime  the  Star  fets  Cofmically  or  Achronycally. 

P  B  L  E  M  XIII.  Having  the  Latitude  of 
tic  Place  and  the  Degree  of  the  Eciifticf  which  rifes  or, 
fets  with  the  Star  ;  to  determine  the  Heliacal  rifing 
or  fetting  of  a  Star •  Bring  the  Star  to  the  Eaftenx 
fide  of  the  Horizon,  and  turn  the  Quadrant  of 
Altitude  round  to  the  Weftern  fide,  ’till  it  cut  the 
Ecliptick  in  the  twelfth  Degree  from  the  Horizon, 
on  the  Quadrant  of  Altitude,  if  the  Star  be  of- 
the  firft  Magnitude.  Then  mark  the  Point  of  the, 
i;;"-  '  ^  ;  1  ‘  '  :  ‘  Ecliptipk., 
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Ecliptick  where  the  Qiiadrant  interfetfts  it  $  that  Le&ure 
Point  when  the  Star  riles  is  twelve  Degrees  high  XXX. 
above  the  Weftern  Horizon,  but  at  the  fame  Time 
the  oppofire  Point  is  twelve  Degrees  below  the 
Eaftern  Horizon  :  Look  that  Point  in  the  Wooden 
Horizon,  and  over-againft  it, you  will  find  theMonth 
and  Day  when  the  Sun  enters  that  Point  of  the 
Ecliptick  ;  which  is  the  Day  of  the  Star’s  rifing 
Heiiacaliy;when  it  begins  to  get  fo  far  from  the  Sun’s 
Beams,  that  it  may  be  feen  in  the  Morning  before 
Sun-riling.  But  if  you  would  know  the  Heliacal  fet* 
ting  :  Bring  the  Star  to  the  Weft  fide  of  the  Ho* 
rizon,  and  turn  the  Qiiadrant  of  Altitude  to  the 
Eaft  fide,  ’till  the  12th  Degree  of  it  from  the  Ho¬ 
rizon  cuts  the  Ecliptick,  and  mark'  that  Point 
where  it  interfe&s  the  Ecliptick  ;  the  Point  oppofite 
to  this  is  fo  many  Degrees  deprefs’d  under  the 
Horizon  at  the  Weftern  fide  ;  and  if  we  find,  in 
the  Wooden  Horizon,  the  Month  and  Day  when 
the  Sun  comes  to  that  Point*  we  ftiall  have  the 
Time  of  the  Heliacal  fetting. 

By  Trigonometry'  the  Problem  is  thus  to  be  TableXXYX. 
folved  :  In  the  Figure  of  the  preceding  Problem ,  Fig.  3* 
let  A  be  the  Point  of  the  Ecliptick,  which  rifes 
with  the  Star :  And  fuppofe  the  Sun  in  the  Eclip¬ 
tick  at  0,  lo  that  the  Arch  0  R  of  the  Circle 
of  Depreflion  may  be  12  or  13  Degrees,  according 
as  the  Star  is  of  the  firft  or  fecond  Magnitude* 

In  the  right  angled  Triangle  A  R  ^),  we  have  the 
Angle  R  A  0  the  Angle  of  the  Ecliptick  and  Ho¬ 
rizon,  and  the  fide  R  0,  which  is  1 2  or  1 3  Degrees  : 

Hence  we  fiiall  have  the  fide  A  O,  which  ad¬ 
ded  to  y  A  gives  the  Arch  Y  O*  and  the  Point 
(s),  which  the  Sun  mull  be  in  when  the  Star  rifes 
Heliacaly.  In  the  fame  manner  we  may  find  the 
Time  of  the  Heliacal  fetting. 

PROBLEM  XIV.  Having  the  Latitude  of 
the  Place ,  and  the  Place  of  the  Sun  in  the  Ecliptic! ; 

To  find  the  beginning  and  end  of  Tvoy -Light.  Re¬ 
ctify  the  Globe  for  the  Latitude  of  the  Place  by  Pro¬ 
blem  third*  and  put  the  Hour-hand  to  the  twelfth 
Hour,  the  San’s  Piace  being  in  the  Meridian  ; 

the# 
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Lecture  then  take  the  Point  of  the  Ecliptick  oppofite 

XXX«  the  Sun’s  Place,  and  turn  the  Globe  Weftward,  as 
alfo  the  Quadrant  of  Altitude,  ’till  the  Point  op- 
polite  to  the  Sun’s  Place  cut  the  Quadrant  of  Al¬ 
titude  in  the  18th  Degree  above  the  Horizon: 
The  Hour-hand  will  Ihew  the  Time  of  Dawning 
in  the  Morning.  But  if  you  take  the  Point  oppo- 
fite  to  the  Sun,  and  bring  it  to  the  Eaftern  Hemi- 
fphere,  and  turn  it  'till  it  meets  with  the  Qua¬ 
drant  of  Altitude  in  the  Degree,  the  Hand 
will  lliew  the  Hour  when  Twylight  ends  in  the 
Evening.  The  Trigonometrical  Solution  of  this 
Problem  is  in  Leclure  XX; 

P  J^O  BLEM  XV.  Having  the  Latitude  of  the 
Place ,  and  the  Place  of  the  Sun ,  if  we  have  bejides  any 
one  of  the  three  following  things,  viz.  The  Hour  of 
the  Day  or  Night ;  or  the  Altitude  or  Azimuth  of  the 
Sun  or  a  Star  :  To  find  the  other  wo.  Rectify  the 
Globe  for  the  Latitude  given,  and  bring  the 
place  of  the  Sun  to  the  Meridian ;  and  the  Hour- 
hand  to  the  Twelve  a  Clock  Hour :  Then  if  the 
Hour  be  given,  turn  round  the  Globe  'till  the  Hand 
points  to  it,  and  bring  the  Quadrant  of  Altitude 
to  the  place  of  the  Sun  or  Star;  you  will  fee 
in  the  graduated  Edge,  the  Degree  of  Altitude; 
and  where  the  Quadrant  interfe&s  the  Horizon, 
there  you  will  find  its  Azimuth,  to  be  counted 
from  the  Interfedtion  of  the  Meridian  and  Ho¬ 
rizon  :  But  if  the  Altitude  be  given,  turn  the 
Globe  with  one  Hand,  and  the  Quadrant  of  Al¬ 
titude  with  the  other,  ’till  the  place  of  the  Sun 
meet  with  the  Quadrant  at  the  given  Altitude; 
then  the  Hand  will  point  to  the  Hour ;  and  the 
Interfe<5Hon  of  the  Quadrant  and  Horizon  will 
fhew  the  Azimuth.  But  if  the  Azimuth  be  given, 
turn  the  Quadrant  'till  it  interfecSls  the  Horizon 
at  the  given  Azimuth,  and  there  keep  it  fixed;  but 
turn  the  Globe  ’till  the  place  of  the  Sun  or  Star 
meets  with  the  Quadrant,  and  the  Degrees  upon 
the  Quadrant  to  the  place  of  the  Sim  or  Star,  from 
the  Horizon,  will  give  the  Altitude;  and  the  Hour 
Hand  will  point  to  the  Hour;  ,  . 

-  *  TlrfE 
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THE  Problem  is  folved  Trigonometricaly  thus,  Ledture 
J  Let  H  O  be  the  Horizon,  HPO  the  Meridian,  XXX. 
h  JE  Q  the  Equator,  Z  the  Vertex  or  Zenith,  P 
ij  the  Pole,  S  the  Sun  or  Star,  whole  diftance  from  Tahlexxv 
I  the  Vrertex  is  Z  S,and  S  P  the  Complement  of  Decli-  Fl«*  ** 

<1  nation,  or  its  diftance  from  the  Pole.  Becaufe 
0  w'e  have  the  Right  Afcenfions  of  the  Sun  and 
l  Star,  we  have  the  difference  of  their  Right  Af- 
i  cenfions,  which  being  turned  into  Time,  will  iliew 
1  the  Time  of  the  Culmination  of  the  Star,  and 
t  the  Arch  which  meafures  the  Angle  iEPS,  being 
1  turned  into  Time,  will  give  the  Hour  of  the 
I  Night.  Now  in  the  Triangle  ZPS,  having  ZP 
the  diftance  of  the  Zenith  from  the  Pole,  and 
PS  the  Complement  of  the  Declination  of  the 
Star ;  if  I  have  befides  thefe  two  the  Angle  P, 
which  the  Hour  gives,  we  can  from  them  find 
the  Angle  Z,  which  fhews  the  Stars  Azimuth, and  the 
Arch  ZS  the  Stars  Zenith  diftance,  which  will 
ihew  the  Altitude.  Or  if  we  have  the  Arch  ZS, 
yje  ftiall  find  the  Angle  P,  and  by  that  the  Hour 
of  the  Night;  as  alfo  the  Angle  PZS  the  Azi¬ 
muth.  Or  if  we  have  the  Angle  PZS,  we  can 
from  thence  find  Z  S  the  Complement  of  the 
Altitude,  and  the  Angle  ZPS,  which  will  give 
the  Hour.  By  the  fame  method  having  the  Al¬ 
titude  of  the  Sun,  which  we  take  by  an  Oblcr- 
vation,  and  his  Declination,  which  is  known  bv 
Tables  from  his  place  in  the  Ecliptick,  we  can 
find  the  Angle  JE  P  S,  which  being  turned  into 
Time,  will  give  the  Hour  af  the  Pay, 

PROBLEM  XVI.  To  find  the  difijnee  between 
two  places  on  the  Surface  of  the  Terreftial  Glebe. 

Let  us  for  diftindtion  fake,  call  one  of  the  places 
the  firft,  and  the  other  the  fecond.  Rectify  "the 
Globe  for  the  Latitude  of  the  firft:  place,  and 
bring  it  to  the  Meridian,  and  there  fix  the  Globe 
with  the  Quadrant  of  Altitude  to  the  Vertex,  and 
turn  the  Quadrant  ’till  its  graduated  Edge  pafs 
fhro’  the  fccond  place :  Then  count  the  De¬ 
grees  of  diftance  from  the  Vertex  to  the  fecond 

D  &  place. 
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1  edhire  place :  And  the  Arch  of  the  Horizon  intercepted 
XXX.  between  the  Meridian  and  Quadrant  will  give 
you  the  Angle  of  Portion. 


1‘abIeXXVI 
Pig-  5. 


BY  Trigonometry  we  thus  proceed.  Let^Q, 
be  the  Equator,  P  the  Pole,  S,  s  two  places,  whofe 
Complements  of  Latitude  are  P  S  and  P  s-  and 
becaufe  their  Longitudes  are  given,  we  have  their 
difference  of  Longitude,  which  is  meafured  by 
we  Angle  SPj:  therefore  in  the  Triangle  SP/, 
the  have  the  lides  SP,  jP,  with  the  Angle  SPj: 
By  them  we  can  find •  S  jr  in  Degrees  and  Minutes, 
which  being  converted  into  Miles,  allowing  69  ' 
Englifh  Miles  for  each  Degree,  we  fhall  have 
their  di  franco  in  Miles.  We  can  alfo  find  the 
Angles  VS  s  and  P s S,  which  are  the  Angles  of 
Pofition.  *  =  v 

I  N  the  fame  manner  in  the  Heavens,  if  \ye 
have  the  Right  Afcenfions  and  Declinations  of 
two  Stars,  or  their  Longitudes  and  Latitudes,  we 
fhall  find  their  alliances.  , 

.  V R.0 B L  EM  XVII.  For  any  Time  and  place? 
to  ereB  the  Theme  or  Scheme  of  the  Heavens.  Re¬ 
ctify  the  Celeftial  Glebe  for  the  Latitude  of  the 
Place.  If  you  have  not  a  Celeftial  Globe ,  a 
Terreftial  will  do.  <  Take  the  place  of  the  Sun 
tor  the  given  I  ime,  and  bring  it  to  the  Meri¬ 
dian,  and  the  Hour-hand  to  the  Twelfth  Hour^ 
then  turn  the  Globe  ’till  the  Hand  fhews  the  given 
Hour:  Or  if  you  like  to  be  more  accurate  in 
your  Work,  to  the  Right  Afcenfton  of  the  Sun 
acd  fo  many  Degrees  and  Minutes,  as  the  Time 
from  Mid-day  requires,  for  every  Hour  counting 
15  Degrees,  and  for  every  four  Minutes  a  Degree, 
rejecting,  if  it  exceeds  it,  360  Degrees ;  fo  by 
this  you  will  have  the  Right  Afcenfion  of  Mid-hea¬ 
ven,  or  the  Degree  of  .the.  Equinoctial  which 
then  Culminates,  which  is  to  be  placed1  under  the 
Meriaian.  _  7  lien  fallen  the  Semicircle  of  Pofition 
m  the  Merlin,  at  the  Points  of  South  and  North 
.  /■  ;  .  1  ■  in 
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in  the  Horizon.  From  the  Point  of  the  Equator  Ledhire 
culminating,  count  on  the  Equator  30  Degrees  XXX. 
Eaftward,  and  bring  the  Semicircle  of  Pofition  l/V\J 
to  the  30th  Degree,  and  obferve  in  what  Degree 
this  Semicircle  cuts  the  Ecliptick;  that  will  be 
the  Cufp  of  the  Eleventh  Houfe,  which  muft  be  fee 
down  on  Paper.  Again,  move  the  Semicircle 
of  Pofition  to  the  60th  Degree  of  the  Equino¬ 
ctial  from  the  culminating  Point,  and  mark  where 
it  curs  the  Ecliptick,  and  you  have  the  Cufp  of 
the  Twelfth  Houfe,  which  is  likewife  to  be  writ 
down.  Bring  the  Semicircle  of  Pofition  to  the 
Weftern  fide,  and  count  30  Degrees  from  the 
culminating  Point,  and  letting  the  Semicircle  pafs 
thro’  that  Point,  obferve  where  the  Semicircle  cuts 
the  Ecliptick  5  that  will  be  the  Cufp  of  the  9th 
Houfe.  Then  count  from  the  Culminating  Point 
again  Weft  ward  60  Degrees,  and  the  Semicircle 
of  Pofition  palling  thro’  that  Point  will  cut  the 
Ecliptick  in  rhe  Cufp  of  the  8th  Houfe:  and  the 
Meridian  cuts  the  Ecliptick  intheCufp  of  theTenth 
Houfe.  And  the  place  where  the  Horizon  Eaft¬ 
ward  cuts  the  Ecliptick,  is  the  Cufp  of  the  Firft 
Houfe  or  the  Horcfcope ;  And  the  Weftern  fide 
of  the  Horizon  fliews  in  the  fame  Ecliptick, 
where  it  cuts  it,  the  Cufp  of  the  Seventh  Houfe : 
and  as  it  is  Diametricaly  oppofite  to  the  Firft; 
fo  is  the  Second  to  the  Eighth ;  and  the  Third  to. 
the  Ninth  ;  the  Fifth  to  the  Eleventh ;  and  the 
Sixth  to  the  Twelfth. 

PROBLEM  XVIII.  Having  erefted  the  Theme 
to  direft  any  Point  to  any  other  Point.  To  a 
Planet  or  Afpedb  aftign  its  place  in  the  Zodiack, 
according  to  its  Longitude  and  Latitude  ;  and 
chufe  any  Planet  or  Degree  of  the  Ecliptick, 
which  you  would  diredt,  and  which,  for  diftin- 
dtion  fake,  we  will  call  the  firft  Place;  and  the 
Place  to  which  you  would  diredt  this  firft  Place, 
call  the  fecoftd  :  Then  thro”  the  firft  Place ,  which 
ufed  to  be  called  the  SignificatQr,  draw  tkeSemicir- 
cle  of  Pofition,  and  mark  that  Degree  in  which, 

D  d  it 
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Lecfture  it  cuts  the  Equator ;  then  keeping  the  Semicir-' 
XXX.  c^e  4*  the  fame  Poiitioq,  turn  the  Globe  Weft- 
ward,  ’till  the  fecond  Place  arrive  at  it;  and  then 
again  obferve  where r  the  Equino&iai  is  cut  by 
the  faid  Semicircle.  Subftracft  the  Degree  firft 
obferved,  from  the  Degree  obferved  in  the  fecond; 
adding,  if  need  be,  360  Degrees;  the  remainder 
is  the  Arch  of  Piredfcion,  which  was  to  be  found, 

'v'  **•••'  •-  ■ '  *  . r  : .  v  ,  :  .  t-'X  i  i  ■  -  . 1  ,  ,  y 

/  •-  •  ••  .  :  :  i  ■;  ' ■  ■  ■  i 
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Which  ftieweth  where  the  Terms  ancl 
Words  ufed  in  Aftronwy  are  explained 
in  this  BOOK. 
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i  Of  Vifion ,  92 

Climates ,  22  o 

Colure  of  the  JEquinoBies,  2 1  o 

Of  the  Soljtices ,  *  Ibid. 

Comets,  a  fort  of  Planets,  189 

T heir  Courfe  in  the  Heavens,  197 

Their  Figure,  1 95 

T/>o/r  Motion,  1 98 

T/;<?9'  demonftrate  the  Neceffity  of  a  Vacuum,  205 
The  true  Form  of  their  Orbits,  198 

Their  Parallaxes ,  192 

v  Their  Tails ,  203 

Commutation,  340 

ConjunBion  of  the  Sun  and  Moon,  93 

The  Conical  Shadow ,  '  '  in,  1 16 

Height,  120 

Its  Angle,  1 16 

Confie  Hat  ions,  48 

Copernicus  his  Prophecy,  163 

Cofmical  rifing ,  222 

Crater,  or  /Ac  Cap,  49 

Crepufculum,  or  Twilight,  *€3 

IF  here  fhorteft ,  See.  239 

Jfj  different  Durations,  228 

Its  Beginning  and  Ending,  240 

Culmination,  what,  214 

Curtate  Dijlancc,  340 

tycl'e  of  the  Moon,  or  the  Metonicf^  Cycle,  373 

Cycle  of  the  Sun,  371 

Qo/o  0/  ciions,  329 

E>. 

Days  Natural  and  Artificial,  39,  393 

Drf/r  being  longer  than  Nights,  the  Caufe  of  hot  Wea- 

tT/;o  inequality  t>f  Days,  3  1 4 

T be  l onge ft  and  floor t  eft  Days,  when  they  happen,  326 

Death  of  Alexander,  367 

P*gr*f*t  ~  .5 


INDEX. 


Declination , 

Pag 

210 

The  Declination  cf  the  Sun,  how  obferved. 

1*5 

Delineation  of  the  Moons  Phafis, 

95 

Diameters  apparent. 

6 

Of  the  fixed  Stars, 

37 

Of  the  Sun  greater  in  Winter  than  in  Summer  ,82 
Diameter  of  the  Moon  s  Shadow , 

Of  the  Penumbre, 

Of  the  Earth's  Shadow , 

Diameters  of  the  Planets , 

Dichotomy  of  the  Moon , 

Difference  Afcenfional , 

Dionyfian  Period , 

Disk,  of  the  Earth, 

Di fiance  of  the  Sun ,  how  to  he  found t 
Diurnal  Motion  of  the  Sun % 

Diurnal  Mean  Motion , 

Dominical  Letters, 

Dorado, 

The  Dog , 

Dragon ,  / 

Dragon  s  Head  and  Tail, 

E. 

Earth ,  its  Axis , 

Annual  Motion , 

Poles, 

Diftance  from  the  Sun, 

Rotation  round  its  Axis , 

Ecjipfes  Explained, 

Eclipfes  of  the  Moon,  when  they  happen , 

Of  the  Sun,  when , 

Eclipfes  Total,  Central ,  Partial, 

Eclipfes  Annular, 

Eclipfes  of  the  Earth, 

Eclipfes,  their  Limits, 

Ecliptic 4, 

Jfj  Secondaries, 

Obliquity, 

Axis  and  Poles . 

Elevation  of  the  Pole  equal  to  the  Latitude  cf  the 
Place,  217 

EHipfis,  its  Defcription ,  84 

Its 


I2S 

Ibid. 

125 

344 

93 

22a 

376 

128 

259 

272 

Ibid. 

369 

50 

Ibid. 

Ibid, 

99 

63 
60 

266 

64 
1 09 

1 1 1 

1 12 

113 
1 2 1 

Ibid. 
124,  132 
60,  207 
i*3 
225 

73 


INDEX. 


Its  Focus  or  Navel  Pointy 

Pag: 

85 

Ed  ip  tic  a  l  Orbits  of  the  Planets, 

84 

The  Divifion  of  the  Ecliptic!^  4rea> 

287 

Elongation  from  the  Sun , 

94 

Embolimcean  Months, 

362 

Epocha,  or  TBra, 

365 

Equilus,  or  the  little  Horfe, 

49 

Er>Ma*ius, 

50 

Exc&ntricl \  Circle, 

83 

Excentricity , 

85 

Excentricity  of  the  Moons  Orbit  Changeable,  i  02 

Excentricity  of  the  Planets  Orbits,  how  found,  335 

T7 

X  • 

Feafis  Moveable, 

372 

Fixed  Soars,  fiery  Bodies  and  Suns, 

39 

Their  Diftin&ions  and  Orders, 

47 

Their  Number, 

54 

Their  Catalogues, 

5i 

Apparent  Diameters , 

37 

Difiances , 

36 

FJght  Afcenfions, 

227 

Declinations, 

225 

Longitudes  and  Latitudes] 

229 

Jfifings  and  Settings , 

222 

Eef/aSlion, 

24r 

Fixed  Stars,  their  Longitude,  Jncreafe, 

or  their  ap- 

parent  Motion  Eaftward, 

80 

Foci,  or  the  Nevil-points  of  an  Eclipfe, 

•  85 

G. 

The  Glaxy  or  Milkj  way. 

5® 

Gemini,  or  the  Twins, 

49 

Geocentric 4  Place, 

34i 

Geocentric 4  Latitude, 

1 66 

Globes,  their  Difcription  and  ufes, 

381 

Grus,  or  the  Crane, 

Gyration  of  the  Earth  round  its  Axis , 

5Q 

63 

The  Gregorian  Tear , 

364 

H. 

Harmony  obferved  between  the  Difiances 

and  Periods 

of  the  Planets 9 

33,  341 

Harp, 

49 

Heavens,  they  are  not  Fluid* 

2©i 

— ■  -Jl  -  rr  &  _ — _ _  v 

Their 

INDEX. 

Pag 

T heir  Matter  Clrrup  tible]  5  S 

Heavens  divided  into  Regions,  49 

Heat  why  not  greateft  when  the  Sun  is  in  the  Summer 
Tr  spicks  89 

I'.Hegeira  the  Turkifh  JEra,  367 

Heliocentric ^  Place,  333 

|  Heliocentric!^  Latitude,  332 

Heliacal  Rifing  and  Setting ,  22 2 

Hipparchus  firft  Compos'd  a  Catalogue  of  the  fixed 
Sears,  5  n 

Hipparchus’*  Problem  for  the  Parallax  of  the  Sun  258 
Hours,  Equal  and  Unequal ,  or  Planetary ,  360 

Horary  Circles,  216 

Horizon,  Senfible  and  Rational ,  213 

The  Poles  of  the  Horizon,  Ibid* 

Horizontal  Parallax  of  the  Moon  123 

X# 

lefdegird,  the  Perfian  IEra,  367 

Images,  or  Conftellations  of  the  AntientsJ  49 

Inequalities  of  the  Moon,  ior 

The  biclinations  of  the  Planets  Orbits ,  to  the  Plane  of 

the  Ecliptic 4,  330 

The  Julian  Period,  379 

Inditlion,  a  Cycle,  Ibid.' 

The  Julian  Tear,  363 

Jupiter,  the  Planet,  155 

Jupiter,  his  Satellites  or  Moons,  18 

Jupiter’*  Belts  and  Spots,  45 

Jupiter’*  flotation  round  his  Axis,  Ibid. 

K. 

JRalendar,  3&9 

Kepler’*  Ettiptic\Theory,  278 

Kepler’*  Problem ,  287 

L. 

Latitude  of  a  Star,  74,  208 

Latitude  of  the  Moon,  99 

Latitude  Geographical,  21 1 

Latitude ,  how  obferved,  22 4 

Latitude,  Geocentric^  and  Heliocentric1^  174 

Leo,  or  the  Lion ,  49 

Libra,  or  the  Ballanctj  Ibid. 

Limits,  166 

Line 


INDEX. 


Pag. 

Lint  <?/Apfides, 

.85 

Line  of  the  Meridian, 

224 

Line  of  the  Nodes, 

99,  174,  33i 

Letter  Dominical, 

369 

Longitude  of  a  Place, 

74,  210 

Longitude,  how-  to  be  obferved, 

148,  186 

Longitude  of  a  Star, 

208 

Longitude  of  the  Stars,  how  found. 

229 

Li'^ht,  its  Motion  demonjlrated, 

841 

Libration  of  the  Moon , 

103 

M. 

j Magnitude  of  the  Planets ,  342 
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